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THIS SUPERLATIVE MUSK 
SYSTEM IS ALL-SONY. 
IDEALLY. 



So many hi-fi ‘systems’ are a weird mixture 
of various brand name components. Sony’s Taurus 
music system is all Sony. And it combines high 
efficiency components superlatively 
matched for value and 
reliability that equals their 
outstanding sound. And 
remember, no other company 
gives such a comprehensive 
and complete guarantee— 

12 months on all parts. 

Complete price: $539.* 
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Here are the individual Sony units of 
the Taurus system ... 

Sony’s exciting TA-1055 amplifier 
packs 23W RMS per channel into its 
gleaming chassis. It offers wider power 
bandwidth, and, because of direct 
coupled power amplifier, gives low 
distortion, high stability and excellent 
transient response. Input and output 
facilities for two tape recorders makes 
inter-recording dubbing possible. 
Latest push button and slide controls. 


elegant PS-5100 turntable 
gives outstanding reproduction of the 
finest stereo records for both 
audiophiles and newcomers to hi-fi. 
Features aluminium diecast platter and 
high quality 4-pole hysteresis 
synchronous motor, automatic arm 
return, reject device, special damping 
device prevents pick-up damage, 
balanced tone-arm anti-skate device, 
and induced-type magnetic cartridge. 
All in a timber cabinet with plastic dust 
cover which can be left open at any 
angle. 


Sony’s stylish SS-7100 speaker 
enclosure are a high compact 2-way, 
2-speaker system with 20 cm woofer 
and 2.5 cm dome tweeter. Features 
Sony's exclusive Ultra Linear Magnetic 
Path for smooth, clean sound and 
greatly reduced harmonic distortion. 

Sony Kerntron Services Pty.Ltd. 

SYDNEY: 26 2651, MELBOURNE: 874 8222, 
ADELAIDE: 93 2338/9, BRISBANE: 44 4488, 
PERTH: 81 3422, LAUNCESTON: 2 5322, 
CANBERRA: 95 2100, Agents: 

NEWCASTLE: 61 4991, WOLLONGONG: 84 8022. 


SONY 
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You should profit from our 
experience with PAL service. 


Philips have more than 30 years’ 
experience in colourTV research, 
development and manufacture, 
leading to our present position as 
the largest manufacturerof colour 
TV sets in Europe—the home of 
PAL. We are the world's largest 
manufacturer of both black/ 
white and colour picture tubes 
and we are the world leaders in 
colour picture quality. Hence our 
experience and pride in our 
range of CTV test instruments. 
Australian technical colleges 
■and recognised service schools 
have selected Philips colourTV 
equipment as the basis of their 
training programmes. 


PHILIPS 


The PM5509 is a versatile new 
pattern generator and is an 
invaluable asset for servicing or 
aligning b/w and CTV receivers 
—and other video equipment 
like video cassette recorders. 

It is already the most widely 
accepted CTV pattern generator 
in Australia. It provides five colour 
and five b/w test patterns, 
modulated on an RF carrier 


which can be electronically 
tuned to all available TV channels. 
Chroma and chroma-burst signals 
are continuously adjustable from 0 
to 100%. There are also special 
sync video and VCR outputs, 
plus a range of other features 
that can be demonstrated for you. 
Available on either tax deductible 
leasing, hiring or outright purchase. 


Contact Philips Test & Measuring Instruments: 

Sydney 2 0223, Brisbane 44 2471, Canberra 95 0321, Melbourne 69 0141, 
Adelaide 223 4022, Perth 21 3131, Hobart 28 0121 

PrEST & MEASURING INSTRUMENT DEPARTMENT. I 

Philips Scientific & Industrial Equipment, G.P.O. Box 2703, Sydney 2001. 

| Please send me further information on 

□ PM5509 Pattern Generator □ PM3110 Dual Trace Oscilloscope 
■ □ PM5334 TV Sweep Generator □ PM2403 Electronic Multiplier i 

1 □ Finance Facilities 1 

| Name .... 

Organisation 
| Address 

|_Postcode_ _ _ 38.2378 Phone No. 
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Reflection on the tariff decision 


Last November when the Labor Federal Government announced its decision to 
cut import tariffs on electronic equipment and components, there were dire predic¬ 
tions from representatives of local industry, particularly those representing com¬ 
ponent manufacturers. Almost to a man, they forecast the imminent demise of local 
component manufacture, and a serious contraction in the operation of local equip¬ 
ment assemblers. 

But at the time, the public mood was one of optimism, and it was easy to discount 
these predictions. The Tariff Board had carried out extensive investigations, and in 
their report (which recommended lower tariff levels than were actually set) asserted 
that the industry as a whole would not suffer. If this was so, then presumably it would 
be even less embarrassed by the levels finally set. 

There was a spirit of revolution in the air, and even some within the electronics 
industry were prepared to admit that the entrenched manufacturers might have 
grown fat and inefficient under the previous higher level of protection. Perhaps the 
reduction in tariffs would ginger us all up, and bring about a worthwhile improvement 
in productivity and efficienty. Sure, some were predicting doom, but these were 
probably only spokesmen for the vested interests; things would never be as serious as 
they were predicting. 

The main idea seemed to be that Australian consumers would be able to buy 
colour TV sets and other domestic equipment at the lowest possible prices. If this 
meant that we lost our component manufacturing industry, it was sad but 
unavoidable. 

Whether one agrees with this reasoning or not, it certainly seems that the 
predictions were right concerning component manufacture. In the months since the 
decision was made, the closure of local component manufacturing lines has 
been an almost weekly occurrence. There is now virtually no local manufacture of 
resistors or capacitors, and before long it seems likely that there will be minimal 
manufacture of ICs and discrete transistors. 

But perhaps the most disturbing aspect of the situation is that with no difference 
in tariff between components and equipment, there is little motivation for local 
equipment manufacturers to take advantage of low cost imported components. This 
together with the lack of any positive action by the Government on subsidy assistance 
or procurement offsetting seems to be responsible for a growing spirit of defeatism, 
not just in the component sector but among erstwhile equipment manufacturers as 
well. 

Assuming we want an electronics industry consisting of more than pure im¬ 
porters, it seems to me that urgent Government action is needed. If this is delayed too 
long, the rot may really set in. 


-Jamieson Rowe 
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IMow,a speaker so good 
it invites any comparison 


The Plessey C80X wide-range hi-fi speaker. Built to the 
most exacting standards to provide superior perform¬ 
ance under all conditions and now incorporating 
Plessey’s advanced CFL cones, the C80X is now 
endowed with the exceptional sound reproduction 
characteristics required by the serious audio enthusiast. 


FEATURES 



PLESSEYO 

Plessey Rota Pty. Limited 
The Boulevard, Richmond, Victoria, 3121 
Telephone 423921. Telex 30383 
N.S.W. P.O. Box 2, Villawood, 2163. Telephone 720133 


CFL—Controlled fibre length cones provide improved frequency 
response and efficiency under the highest loadings. 

Large 'O' magnet gives 20 watts RMS power handling in recom¬ 
mended enclosures and lower ‘O’ for cleaner bass. Long throw 
voice coil allows extreme excursion with minimum distortion. 
Infinite baffle response is 35 Hz to 20 kHz. 

In the recommended 1.8cu. ft. enclosure it is 54 Hz to 20 kHz 
±6dB and 41 Hz to 20 kHz at ± 10 dB. The high frequency 
response is a particularly outstanding feature in such a rugged 
speaker capable of 20 watts RMS power handling. 


SPECIFICATIONS 

Power handling capacity 

Fundamental resonance 
Voice coil diameter 
Voice coil impedance 
Frequency response 
Total 0 

Volume equivalent to 
loudspeaker compliance 
Air gap flux density 
Total gap flux 


20 watts RMS in recom¬ 
mended enclosure 
45 Hz nominal 


4500 cu. in. 

1.15 tesla 
455 n weber 

* A woofer version, C80, is 
also available. Frequency 
response is 35 Hz to 8 kHz 
±6dB. 


Distributors: N.S.W.: Lawrence & Hanson Pty. Ltd., Martin De 
Hanson Electrical Co. (Qld) Ltd. S.A.: Gerard & Goodman Pty. 
Limited. Rata Street, Henderson, Auckland. 


Launay Pty. Ltd. VIC: Lawrence & Hanson Pty. Ltd., Radio Parts Pty. Ltd. QLD: The Lawrence & 
Ltd. W.A.: Atkins Carlyle Ltd. TAS: Harts Wholesale. W. & G. Genders Pty. Ltd. N.Z.: Plessey (N.Z.) 
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Idea for synthetic treble response 

Engineers in Germany have come up with a method which may effectively 
double the audio bandwidth of systems which currently suffer from inherent 
limitations. Super-8 sound projectors and AM broadcast receivers are obvious 
candidates for such possible assistance, which would be aimed at extending 
the effective treble response to about 10kHz. 


The dramatic fall in the cost of integrated 
circuits has produced a welter of new ideas 
for improving the quality of radio, tape, and 
film sound tracks. 

A technique that can almost double the 
quality of the speech and music transmitted 
over any given channel will soon reach the 
marketplace. 

This particular technique, known as Picor 
and which has been developed by the ITT 
components group laboratories in Esslingen 
near Stuttgart, makes use of the fact that 
people cannot determine with any accuracy 
the pitch of high frequency notes, and this 
applies even to musicians of great skill. 

The basic physiological effect is well 
known. ITT engineers have put it to good 
use by first of all carrying out exhaustive 
tests on themselves and other people. These 
showed that once the frequency becomes 
greater than some limit between 4.5 and 6 
kilohertz it is impossible to recognise a 
wrong note provided it deviates from the 
correct one by not more than two semitones. 

There are several ways of exploiting 
these findings. They all involve the trans¬ 
mission in full of only those frequencies 
below the limiting one. Frequencies above it 
are sent only in a coded form and are repro¬ 
duced in the receiving equipment in the 
form of a note of the correct amplitude but 
of only approximately the correct 
frequency. 

In the medium frequency radio band, for 
example, the highest frequency that can be 
transmitted is normally 4.5 kilohertz, but if 
the transmitter and receivers are fitted 
with Picor this can be extended to 9 kilo¬ 
hertz. All frequencies up to 4.5 kilohertz are 
transmitted in the usual way. The 
frequency range between 4.5 and 9 kilohertz 
is divided into 12 separate channels and the 
amplitude of the notes in each of these 
channels is sampled sequentially. The 
amplitude values derived in this way 
modulate in turn a pilot carrier on a 
frequency just above 4.5 kilohertz. 

In the receiver, the band up to 4.5 
kilohertz is handled as in conventional re¬ 
ceivers. The pilot is demodulated and used 
to control the amplitude of tones generated 
on frequencies in the middle of each of the 
12 channels sampled in the transmitter. 

The composite signal fed to the loud¬ 


speaker thus consists of all frequencies up 
to 4.5 kilohertz plus a series of spaced.tones 
each having the same amplitude as the 
tones in the corresponding channel in the 
studio but deviating in frequency from the 
original tones by anything up to two semi¬ 
tones. The overall effect is remarkably 
good. 

The pilot carrier, which is 20dB lower in 
amplitude than the normally transmitted 
frequencies, is inaudible thanks to the 
physiological effect known as masking, as 
the result of which a single tone close to a 
higher amplitude band of frequencies is 
undetectable. 

Improving the quality of speech is a 
somewhat more complex operation, par¬ 


ticularly in the case of people with hoarse 
voices. 

The artificially produced tones in the 
receiver have to be augmented with locally 
generated noise which has to be propor¬ 
tional in amplitude to the speech 
frequencies in the equivalent channel. 

The whole process may seem like getting 
something for nothing, but what in effect is 
happening is that the transmitted informa¬ 
tion is being strictly limited to that which 
can be used by the listener’s hearing ap¬ 
paratus and brain. In this way the am¬ 
plitude modulated pilot carrier, which oc¬ 
cupies a bandwidth of only 600 hertz, carries 
all the useful information contained in the 
top half of the band of frequencies being 
handled. 

The first application of the Picor system 
will be on Super-8 film optical sound tracks. 
These have a physically limited bandwidth 
of only 5 to 6 kilohertz. Next year, a German 
company will be using Picor to double the 
quality of the sound on the Super-8 film 
equipment it manufactures. 

After that, ITT sees the improvement of 
quality on medium frequency AM radio as 
being the most important application. This 
will provide virtually hi-fi quality over long 
ranges, and for motorists for the first time. 

There is a great deal of interest in long 
distance application in Germany. ITT talks 
about providing a service for German 
tourists in places like Yugoslavia, but there 
is reason to believe that there is also a long¬ 
term West German interest in attracting 
listeners in the German Democratic 
Republic. 

Picor is also likely to be used over the 
telephone network, initially to improve the 
quality of reports and commentaries sent 
by radio and TV journalists. In the long 
term it may also provide a means of 
significantly improving the quality of all 
telephone conversations. 

(From “New Scientist”) 


Unconventional styling 
for Lecson audio range 




Magnecord International Pty Ltd, 276 
Castlereagh St, Sydney, have recently 
announced their appointment as Australian 
agents for the Lecson high quality audio 
equipment range from the United Kingdom. 

The new range, featuring an unusual 
design approach and boasting impressive 
performance specifications, includes the 
Lecson control unit (ACl), two audio power 
amplifiers (the API and the AP2), and FM 
tuner (TF1), and horn loaded 3-way speaker 
system. 

The ACl control unit features a com¬ 


prehensive range of input and control 
facilities, including tape monitoring, and 
has a claimed distortion level of less than 
0.05pc at all times and a frequency response 
of 10Hz-25kHz plus or minus 0.5dB. An 
additional unit enables the control unit to be 
remotely controlled for input switching and 
volume setting. 

Intended for use with the ACl control unit, 
the API and AP2 power amplifiers are rated 
at 35W and 70W RMS per channel respec¬ 
tively. Distortion is claimed to be less than 
0.05pc at all frequencies and power levels up 
to 35W. 
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JBL’s 88 Plus. 

(It’s more than simply a great bookshelf speaker. 

We made it especially for those of you who cant¬ 
or wont-leave well enough alone.) 


JBL's 88 Plus has the largest low frequency speaker 
we put into any bookshelf system — 12 inches. It has an 
extremely efficient high frequency unit that stays calm 
and clear even when the going gets loud. 

Turn up the sound. Way up. Listen to a bass guitar, a 
bass drum, an organ, a cello. You can tell them apart on 
an 88 Plus. (With a lesser speaker, bass sounds lose 
their individuality — grumbling together in sullen 
anonymity.) 

Come listen to JBL's 88 Plus. It's yours for $295.00, and 
it's a superb two-way system. It's not a three-way 
system, but you can't have everything, can you? 

- From $189.00 to $4000.00. 



Phn.g[ 

9 

You can change the 88 Plus into a three-way 
yoTSend ^p°wrth°t^racoustica1 Slnofaf JB 



B. Lansing Sound. Inc./3249 Casitas Avenue. Los Angeles 90039/High fidelity loudspeakers from $189 to $4000. 
DISTRIBUTED IN AUSTRAUA BY JERVIS AUSTRALIA PTY LTD. PO BOX 6 BROOKVALE, NSW 939-2922. 
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HIFI NEWS 


Apollo Hi-Fi at 
the Sydney Royal 
Easter Show 

Just a few hours before the Sydney Royal 
Easter Show was due to open, Apollo Hi-Fi 
of Marrickville, NSW, was invited to occupy 
a stand that had quite unexpectedly fallen 
vacant. 

Apollo manager Mel Chilian didn’t 
exactly relish the idea of setting up a 
display in about four hours flat but he 
realised that it could be a worthwhile effort, 
seeing that Apollo would probably be the 
only hifi retailer on the site. 




And that’s how it turned out. According to 
Mel Chillari, public response to the display 
more than justified the effort involved. 

A general view of the stand is shown top 
right while, at the lower left, Rudy 
Hollander explains what all the knobs are 
for, and the exposed “works” of a couple of 
multi-speaker systems. 

And speaking of exposed works, an ob¬ 
vious question arises about the eight loud¬ 
speakers facing this way and that in the 
adjacent picture. The eight loudspeakers, 
we discovered, occupy the rear face of a 
new system designed along similar lines to 
the Bose 901, featured in our March issue. 
There is a ninth loudspeaker facing the 
front. Apollo aren’t saying too much about 
the brand yet, but hope to retail the new 
system at $495 per pair. Power rating is 
quoted as: “from 5 to 200W each” and 
frequency response: “20Hz to 20kHz.” 

(Apollo Hi-Fi is at 283 Victoria Rd, 
Marrickville, 2204. Tel: Sydney 560 9019). 


AC0S Dust Jockey combats clicks and plops 



One of the accepted methods of com¬ 
bating dust partifcles on disc recordings is 
by “playing” the discs simultaneously with 
a second arm carrying a small brush and a 
slightly moistened pad. If the pad and 
brush track the record at the same rate as 
the pickup, and straddle the track being 
played, there is a good chance that they will 
collect dust particles before the stylus has a 
chance to ride over them and produce 
“pops” in the output. 

Probably the best known of these devices 
was the original “Dust Bug” which ap¬ 
peared on the market many years ago. 


Since then a whole array of similar devices 
have made their appearance, some simple 
and functional, others quite expensively 
presented. 

Among the “simple and functional” units 
is one manufactured by Cosmocord Ltd 
under the Acos brand, and marketed in this 
country by McMurdo (Australia) Pty Ltd, 
of 346-8 Carinish Rd, Clayton, Vic 3166; also 
219 Blaxland Rd, Ryde NSW 2112. 

The Acos “Dust Jockey” involves a 
simple matte aluminium arm, on a 
moulded base with a self-adhesive pad on 
the underside. It is intended to adhere to 


any smooth surface, without defacing it. 
While this will suit most installations, 
neither self-adhesive nor suction cup 
devices will attach reliably to some rough 
finishes and this should be borne in mind 
before purchase. It may, of course, be 
possible to anchor a small scrap of perspex 
adjacent to the turntable on which the Dust 
Jockey can rest. 

Instructions on the underside of the pack 
explain how the Dust Jockey should be 
installed to ensure proper tracking. When 
not in use, it is supported out of the way by a 
bracket attached to the base, which engages 
the overhang of the arm. The pack as 
illustrated contains a small bottle of fluid to 
keep the pad very slightly moist. 

The Dust Jockey is competitively priced 
but does not have a “recommended retail” 
figure. Actual selling price will depend 
completely on the retailers quantity dis¬ 
count and mark-up. 


BASIC ELECTRONICS 

ON SALE NOW 

Available from Box 163 Beaconsfield 
2014. $2.40 post included. 
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The Acid Test. 





MEMOREX 

THE UNDISTORTER! 

For the very first time you can 
forget about overload distortion 
when you record. Just use 
'Memorex' the Undistorter. 

No hiss, no distortion, no hassle, 
just beautiful clean clear sound. 

And Memorex costs only cents 
more than the cheapies. 

You'll never know how good 
your recorder is until you try 
'Memorex' tape. 


MEMOREX 90 


NEW 

MRX a OXIDE 


leraua Industries pty ltd. 

/ 266 Hay Street, Subiaco, Western Australia 6008. 


r HOMECRAFTS 


S.A. Hitts ELECTRONICS P/L 


>. ELECTRONICS 
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3 New Pioneer Decks 


Pioneer have launched a strong assault on the highly 
competitive cassette deck market with three new 
models which include a top quality "Dolby" model with 
an array of features, a less expensive Dolby model, and 
a high quality "straight" deck. Replacing two earlier 
decks, the three new models carry a full warranty 
covering parts and labour costs for one year. 


Top of the line in the new series is the CT- 
5151, which has a recommended retail price 
of $349. In line with modern practice, the 
CT-5151 has an electronically speed con¬ 
trolled motor, full automatic stop protec¬ 
tion, “ferrite solid” erase and record/ 
playback heads, and a counter with 
associated memory function. Other 
mechanical features include a tape-run 
indicator and a skip button which permits 
the user more easily to locate a particular 
item on the tape. 

Electrically, the design provides for input 
and output faders, and provision for phones, 
microphones, and easy interconnection with 
an amplifier system. The bias and equalisa¬ 
tion can be set separately to suit standard oi 
chromium dioxide tape, while two meters 
and a peak indicator LED allow very ac¬ 
curate setting of the record level. 

Wow and flutter is quoted as less than 
0.12% RMS; frequency response as 63- 
12000Hz with standard tape, or to 13,000Hz 
with CR02 tape, both figures for plus and 
minus 3dB. Signal / noise ratio is given as 
48dB with standard tape or 58dB with Dolby 
in operation. 

In many respects, the CT-4141A resem¬ 
bles the more expensive deck, but it does 
lack the more fancy facilities such as 
memory type counter, automatic limiter 
and Dolby indicator lights. The record/ 
playback head is “permalloy solid” rather 
than “ferrite solid,” and the frequency 
response figures are marginally poorer at 
the extreme treble. But, while a second look 
and a second listen may be necessary to dis¬ 
tinguish the two machines, one could hardly 
miss the price difference: $279 against $349! 

While the CT-3131A is obviously a 
member of the same design family, it has 
been further simplified with respect to the 


Above: Top of the new line of Pioneer cassette decks, the CT-5151, 
boasts virtually all the facilities offered in such equipment. The CT- 
4141A is very similar in appearance and is tipped to be the "big 
seller". 

CT-4141A by the omission of the Dolby 
facility and the “skip” button. The deck will 
still accommodate CR02 tape however, a 
push-button effecting the necessary change 
in bias and equalisation. With one ferrite 
and one permalloy-solid head, electrical 
performance is generally similar to that of 
the CT-4141A. But, again, there is the ex¬ 
pected significant difference in price: $29. 

Further information on the equipment 
can be obtained from Pioneer Electronics 
At left, the CT-313A Australia Pty Ltd, 256-8 City Rd, South 

has similar styling Melbourne, 3205. Branches also in Sydney, 

but fewer facilities. Perth, Adelaide, Brisbane. 


Cassette measures torque 


United Electronic Servicing Pty Ltd, “the 
Service Company for Philips and Astor 
Household Products,” have a number of 
test cassettes available intended to 
facilitate professional servicing of cassette 
record and replay equipment. 

One of the most interesting items, as 
pictured, is the 811 / TCM cassette torque 
meter. Housed in a clear plastic case, of 
standard cassette dimensions, the torque 
meter can be inserted directly into a 
recorder / player and contains sufficient 
tape for a 3-minute traverse at normal 
speed. 

While operating, pointers on the 
respective spools indicate the winding 
friction of torque on the right hand take-up 
spool and the counter winding friction or 
torque on the left hand supply spool. The 
scales are calibrated to 120 g-cm and the 
makers claim an effective accuracy of 
1.5%. 

Armed with this information, a service 
technician can ad jus' the mechanism so 
that the torque figures actually shown 
correspond with good practice, or with 
specific values where these are quoted in 
service data for a particular machine. 

While the cassette torque meter can be 
used directly in a machine without 
dismantling and under fully dynamic 
conditions, the values are indicated on 
rotating spools and some care has to be 
exercised in reading them. 

Trade price for the torque meter is quoted 
as $35.20 plus 15% tax. 

In addition to the torque cassette, the 


The cassette torque meter, pictured above 
slips into position as a normal cassette. It 
registers torque as it rotates. 


company literature indicates the 
availability of a number of tests tapes as 
under: TC-R, test cassette reference tape; 
TC-A6.3, test cassette azimuth 6300Hz; TC- 
FL3, test cassette flutter 3000Hz; TC-S test 
cassette service; TC-A10, test cassette 
azimuth TOkHz; TC-FR test cassette 
frequency response; TC-FL3.15, test 
cassette flutter 3150kHz; TC-CT, test 
cassette crosstalk. 

For further information: United Elec¬ 
tronic Servicing Pty Ltd, 443 Concord Rd, 
Rhodes, NSW 2138. 
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TE L-32Q/QUAD, 
4-CHANNEL 
$66.00 


TTiercs a new name for 
Stereo & Quad Headphones: 




discover sound you’ve never heard 
before. The Telephonies Balance 
Controller lets you sit in your favorite 
easy chair, far from your receiver or 
amplifier, and set the 4-channel 
balance exactly the way you want it. 


A leading designer and manufacturer 
of quality audio products for 40 years, 
Telephonies now introduces a 
complete line of Stereo & Quad 
Headphones. The same high reliability 
required for airline entertainment and 
communications systems is now made 
available by Telephonies, for home 
and professional use. 


The TEL-111 ELECTRET 
Headphone, for example, incorporates 
the latest advances in electrostatic 
audio reproduction providing flat 
frequency response from 18 to 
24,000 Hz, without the need for the 
conventional electrostatic power 
supply. And it reduces distortion to 
the vanishing point by using a stiff 
featherlight . diaphragm suspended 
between two permanently-charged 
plates. The result is the clean, crisp, 
Telephonies sound, unobtainable with 
any but the most expensive speaker 
systems. 

The TEL-26 DYNAMIC Stereo 
Headphone reproduces sound so 
faithfully that once you hear it, you’ll 
never be satisfied with anything less. It 
has a separate tone control and volume 
control on each earcup to permit 
precise volume, balance and tone 
adjustments. And Telephonies 



The TEL-14 TWO-WAY Headphone 
contains a full 2-way speaker system, 
complete with crossover network in 
each earcup. Deep, smooth bass 
response from the woofers and the 
bright treble highlights of the tweeters 
overlap to make the presence of the 
music felt, just the way the artist 
intended. 

The TEL-29 LIGHTWEIGHT 
Headphone, the “Weight Watcher” 
member of the family is easy on the 
budget. Constructed of air-light 
materials for hours of easy listening, 
the Lightweight never disturbs nor 
intrudes on the music, but is not 
completely isolating. A volume control 
on each earcup allows you to adjust 
volume and balance without returning 
to your amplifier. 


mechanical 2-way speaker system gives 
you the 2-way sound without the cost 
For the breathtaking realism of 
quadraphonic sound, the TEL-32Q 
QUAD, 4-CHANNEL Headphone has 
two 2-way speaker systems (four 
speakers in each earcup) to let you 


If you want to hear Sound the way it 
was recorded, don’t let an ordinary 
Headphone come between you and 
your music. Demand the exceptional. 
Ask for Telephonies. 



AUSTRALIAN DISTRIBUTORS: 


BID 


Electronics Pty Ltd. 


40 years of Audio Engineering Excellence 
A Division of Instrument Systems Corporation 

202 Pelham St., Carlton, 3053 Vic. Ph. 347-825! 
190 Willoughby Road, Crows Nest, 2065 N.S.W. 
Ph. 439-4201 


10 


ELECTRONICS Australia, June, 1974 


HIFI NEWS 


More about those bargain cassettes 



In our April issue, we had something to 
say about bargain cassettes and their place 
in the scheme of things. Our reservations 
had mainly to do with fairly obvious 
properties: either mechanical failure or 
limited frequency response. 

Mechanical failure leaves little room for 
doubt; you just don’t buy fora second time a 
type of cassette which tends to jam, or to 
wind around the capstan. Poor frequency 
response is something different; for speech 
or casual recording, you may decide that a 
certain cheap tape is good enough. 

Since writing these paragraphs, we've 
come across a crop of tapes which exhibit 
quite another type of fault: they may record 
perfectly on one pair of stereo tracks but not 
on the other. The sound wavers up and down 
in level, with an admixture of distortion for 
additional effect! 

Close inspection will generally reveal the 
cause of the trouble. Hold the cassette away 
from vou and look along the surface of the 
tape against a light. One edge, or in some 
cases both edges, will be seen to be buckled, 
with a pitch of 2 or 3cm. 



Fairly obviously the slitting blades have 
not been sharp, or properly set. and the 
particular edge of the tape has been 
stretched. The pressure pad in the cassette 
is simply not stout enough to flatten the 
buckles and the tape periodically contacts 
and leaves the gap as it passes across it. 

The effect may be tolerable, in some 
cases, on a mono machine, since only part 
of the total track may be affected. But on 
stereo, the outer track may be completely 
"modulated". 

Most of the offending cassettes we have 
noticed have been "bargains" from Britain 
or the Continent but, in one case at least, we 
encountered the trouble with a prestige 
brand. 

At the very least, the lesson seems to be: 
If you buy a bargain cassette, turn it far 
enough to expose the magnetic tape and 
then sight along it. If the tape shows any 
sign of edge buckle, hand it back! 

To balance these rather critical remarks, 
we should perhaps add that some cassettes 
we have seen around the shops have been 
real bargains — very reliable, very smooth 
and with good frequency response. 


Latest addition to the KEF range of 
loudspeakers in Australia is the 
"Cadenza", pictured at left, a full 
range unit, which can be used on a 
shelf, or free standing, or on a tripod 
stand, as shown. 

The Cadenza measures approximately 60 
x 36 x 30 cm and, as such, may be regarded 
as a generously proportioned shelf unit or a 
compact, free-standing system. But the 
manufacturers claim that it is a genuine 
full-range design, comparable in sound with 
larger systems. 

Main driver in the Cadenza is an 8-inch 
unit with a 2-layer laminated “acoustilene” 
diaphragm. This is intended to handle 
directly frequencies between 70 and 3500Hz. 
Below 70Hz. a 33 x 23 cm passive radiator 
radiates most of the low frequency energy 
extending the response down to a claimed 
30Hz. 

For the upper register, the Cadenza uses 
a 2.5 cm dome tweeter with Melinex 
diaphragm, ensuring uniform dispersion of 
sound over a wide area. Recommended 
retail price of the Cadenza is $170 per 
system, the stand being extra — and 
recommended. 

Weight is 15.5kg, power rating 25W 
nominal, impedance 8 ohms and frequency 
response 30-30.000Hz. (Further details are 
available from Interson Pty Ltd, 64 Win- 
bourne Rd, Brookvale, NSW. 


SONY PRODUCTS 

Since April 1, the Australian distri¬ 
bution of Sony audio and video pro¬ 
ducts have been handled by Sony 
Kemtron Pty Ltd and Sony Kemtron 
Services Pty Ltd. 

These companies, in which Sony 
Corporation of Japan and Kemtron 
Limited are equal shareholders, have 
taken over all assets, existing premises, 
and staff of Jacoby Kempthorne Pty 
Ltd and Jacoby Kempthorne Services 
Pty Ltd. 

Directors are Messrs Andrew Grim- 
wade and J. H. Went on behalf of 
Kemtron Limited and Messrs A. Endo 
and P. H. Jacoby (Chairman & Chief 
Executive) representing the Sony 
Corporation. 


SANSUI TURNTABLE 

Sansui Electric of Tokyo is launching a 
new medium-priced turntable in Australia 
after requests from dealers for an econom¬ 
ical. quality turntable to complete its audio 
component range. Called the SR-212, the 
new turntable will be marketed through the 
Consumer Division of Rank Industries 
Australia selling at around $179. 

Sansui claims a frequency response from 
20 to 20,000Hz and a signal to noise ratio of 
belter than 45dB. It features a four-pole 



synchronous motor, 30cm diameter die-cast 
alloy platter, belt drive and S-shape tone- 
arm with automatic cut and return 
mechanism. 

The auto-return mechanism lifts the 
stylus when it reaches the lead-out groove of 
the record and returns to the rest switching 
off power at the same time. It can also be 
used to stop the record at any point. 

The tone-arm has a direct-readout stylus 
pressure scale, anti-skating device and is 
fitted with an IM (induced magnet) car¬ 
tridge. 


HiFi-Stereo Annual 

The 1974 Electronics Australia "HiFi-Stereo 
Annual" is virtually a complete, easy-to-read 
course on hifi, all the way from basics to 
modern 4-channel sound. It is available from 
newsagents for $1.50 or from our office for 
$1.90 posted. (Box 163, Beaconsfield, NSW 
2014.) 


New KEF loudspeaker from Interson 
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In conformity with European styling, this slim Armstrong series 600 receiver / amplifier 
features a high performance stereo FM tuner. 


FREQUENCY MODULATION... 

For noise-free wide-range stereo radio 


It is now virtually certain that Australia will have a new FM / stereo broadcast 
service on VHF. But what is FM, FM / stereo, and VHF? In this, the first of a 
planned series of articles on the FM technology, we seek to answer these and 
other questions —without using too much technical jargon! 


by NEVILLE WILLIAMS 


As a starting point for the discussion, we 
are concerned with two fundamental 
aspects of radio transmission and recep¬ 
tion. 

The first is the production of a basic high 
frequency signal, which can be radiated 
from a transmitting antenna, can travel 
through free space, be intercepted by a 
receiving antenna and fed into a radio 
receiver. This high frequency signal is 
commonly referred to as the “carrier” 
because it provides the means by which 
some kind of information can ultimately be 
transferred from one place to another. 

Carrier frequencies as low as about 10kHz 
(10,000 cycles per second) are used for 
special purposes, notably for com¬ 
munication with submerged submarines. 

“Medium-wave” broadcasting stations, 
with which we are all familiar, operate with 
carrier frequencies in the approximate 
range 525kHz to 1600kHz. 

What we refer to as “shortwave” stations 
operate on frequencies between about 3MHz 
and 30MHz, being referred to alternatively 
as HF (high frequency) stations. 

Australian television stations operate in 
the VHF (very high frequency) part of the 
spectrum, between 30MHz and 300MHz. 

Above that again is the UHF (ultra-higher 
frequency) region, and this is as far as we 
need to consider for this present discussion. 

Transmission of a pure carrier wave 
would be an interesting but rather futile 
exercise, since it conveys little to the 
recipient beyond the fact that it is being 
transmitted. If it is to convey information 
beyond that, the carrier must be varied or 
“modulated” in a logical way so that the 
variations can be detected or 
“demodulated” at the receiving end and the 
information extracted. 

The most elementary method of 

12 


modulating a radio frequency carrier is to 
switch it on and off according to a particular 
code, which can be interpreted at the 
receiving end. This is the basis of the well 
known Morse Code. 

Because Morse Code is often initiated by 
means of a hand-operated “key”, it is 
sometimes referred to by the whimsical 
name “dexterity modulation”. 

Morse and other similar codes have 
provided a quite classical means of basic 
communication, but not by any stretch of 
the imagination can they be regarded as 
potential entertainment. For radio ( or' 
“wireless” as it was then called) to have 
any use or appeal to the population at large, 
engineers had to devise a means of 
modulating the carrier with electrical 
signals derived directly from speech and 
music. 

A speech- (or music-) modulated carrier 
could thus be transmitted or broadcast to 
remote points, picked up and fed into 
receivers, demodulated, and the in¬ 
formation made audible through head¬ 
phones or loudspeakers. 

Very early, it was realised that sound 
derived signals could be made to affect a 
carrier in either of two fairly obvious ways: 
AMPLITUDE MODULATION: In this 
system, the information or audio signal 
voltage is so applied in the transmitter that 
the strength (or amplitude) of the carrier 
varies instantaneously with the audio 
voltage. The carrier frequency remains 
unaltered. A carrier is said to be fully 
amplitude modulated when the applied 
audio voltage causes it to vary from double 
its normal amplitude to near zero. 
FREQUENCY MODULATION: In this 
system, the audio voltage is so applied in 
the transmitter that it causes the frequency 
of the carrier to vary above and below its 


nominal position in the spectrum. The rate 
of variation depends on the modulating 
frequency, while the amount of variation is 
governed by the strength of the modulating 
frequency and by adjustment of the trans 
mitter controls. While the frequency of the 
carrier thus varies, its amplitude remains 
constant. 

In the early days of radio broadcasting 
amplitude modulation was considered to be 
the most practical system, being the one foi 
example which best suited the receiver 
detectors of the day. For this and other 
reasons, practically all early development 
centred around AM (amplitude modulation) 
and it became the standard method for 
virtually all radio communication and 
broadcasting systems. 

Even now, all ordinary medium-wave 
broadcasting stations throughout the world 
use the AM system, as do international 
short-wave stations. 

While this is so, the AM system is by no 
means above criticism. 

An AM receiver and, in particular, an AM 
detector is basically sensitive to any change 
in voltage amplitude, whether the change is 
produced by the wanted incoming signal, or 
by some less welcome phenomenon. 

And here’s the rub: electrical distur¬ 
bances caused by atmospheric conditions, 
and also by man-made electrical circuits 
tend to produce just this kind of voltage 
change at the receiver input, and con¬ 
sequent “noise” of one kind or another at 
the output. 

In short, by its very nature, an AM 
receiver is prone to interference from both 
atmospheric and man-made sources. At¬ 
mospheric “static” has long been the 
bugbear of listeners in remote country 
areas; electrical interference is all too 
familiar to suburban dwellers, living within 
a virtual maze of electrical wiring and 
equipment. 

While it is possible to alleviate such 
problems by providing more powerful 
transmitters, by siting transmitters in local 
communities, and by circuit tricks in the 
receiver, all such measures have practical 
limits. In Australia, as in many other areas, 
the stage has been reached where it is 
difficult to accommodate more stations, or 
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more powerful stations in the normal AM 
broadcast band, without running into dif¬ 
ficulty with mutual interference between 
stations — thus trading one problem for 
another! 

It is not surprising, therefore, that there 
has long been speculation about alter¬ 
natives to the AM system in general, and to. 
medium-wave AM broadcasting in par¬ 
ticular. 

Beyond this, community pressure has 
gradually built up, not just for noise-free 
radio reception, but for a greater variety of 
radio programming. 

As long ago as 1925, Major Edwin Arm¬ 
strong sought to advance the claims of FM 
(frequency modulation) on the basis that an 
FM receiver would be far less sensitive to 
atmospheric and electrical interference 
than its AM counterpart. The proposition 
didn’t get very far, partly because of 
limited receiver technology and partly 
because it was feared that practical FM 
modulated carriers would take up a 
prohibitive amount of space in the radio 
spectrum then considered useable. 

In any case, such a change in method 
would have been embarrassing at the time, 
both tecnnieally and commercially. Arm¬ 
strong’s ideas were heard without en¬ 
thusiasm and without much practical 
response. 

There the matter largely rested for about 
It) years until advancing technology and 
pressure on spectrum space caused 
engineers and authorities alike, in the USA 
in particular, to take a more careful look at 
the possibility of establishing broadcasting 
and other services in the VHF spectrum. 

There was space in that part of the 
spectrum to accommodate a large number 
of additional stations but, more than that. 
VHF offered two potential bonuses: 
SERVICE AREA: VHF signals tend to 
blanket an area to just beyond the horizon 
from the antenna and, only in rare cir¬ 
cumstances do they reach more remote 
areas. Thus transmitters could be sited to 
serve about an 80kM radius, with little 
chance of the signal being heard much 
beyond that. Stations all across the nation 
could share a limited number of frequen¬ 
cies, without mutual interference, provided 
they were sited sufficiently far apart. 
NOISE INTERFERENCE: At VHF, at¬ 
mospheric interference is much less of a 
problem than at lower frequencies, and 
even man-made interference is less of a 
worry at and above 100MHz. VHF 
technology therefore seemed to offer ac¬ 
commodation for more stations of all kinds, 
freedom from mutual interference, and a 
substantial reduction in noise interference 
from all sources. 



When an audio waveform (top) is amplitude 
modulated on to a carrier, the result is as 
depicted at centre. With frequency 
modulation (bottom) carrier amplitude 
remains constant but the frequency varies. 

Realising that the changing situation 
might present a new opening for the FM 
system, Major Armstrong set up an FM 
demonstration system in his laboratory in 
1933. In the following year, the equipment 
was moved to the Empire State building and 
a low power (2kW) VHF FM transmitter set 
up to operate in parallel with a standard 
50kW AM transmitter operated by the NBC. 

During the following 12 months, the 2kW 
FM transmitter showed its ability to out¬ 
perform the 50kW AM transmitter during 
periods of heavy static within a radius of 70 
miles. Against this, the FM signal did 
exhibit poor spots in its coverage pattern, 
and Armstrong seemingly could not con¬ 
vince the NBC that it should increase the 
power of the FM transmitter or take other 
steps to investigate the problem. 

In fact, Armstrong found himself up 
against three apparent and unfavourable 
attitudes: 

1. Established networks were not keen to 
encourage any kind of splinter activity in 
sound broadcasting. 

2. The same networks were far more in¬ 
terested in the potential of television and it 
seemed logical to them that resources and 


the first call on frequencies should be aimed 
in that direction. 

3. Engineers tended to regard Armstrong 
as an over zealous enthusiast and, as a 
result, they under-estimated the potential of 
his system. 

However, he kept hammering away at the 
Federal Communications Commission and 
the engineering fraternity. A paper 
published in 1936 is now one of the classic 
papers on the subject: "A Method of 
Reducing Disturbances in Radio Frequency 
Signalling by a System of Frequency 
Modulation" 

Armstrong stressed in the paper that an 
FM receiver could readily be designed to 
reject variations in signal amplitude and 
therefore a very large proportion of 
otherwise objectionable noise interference. 

He showed convincingly that the natural 
advantages of VHF broadcasting could be 
supplemented by the use of frequency 
modulation, with its inherent ability to 
discriminate against all kinds of unwanted 

Despite this, arguments about the merits 
of VHF broadcasting, of the FM system, 
about television and frequency allocations, 
persisted until they were interrupted by 
World War II. But. as it happened, the 
pressures of war greatly accelerated 
research, and engineers emerged from the 
period knowing a great deal more about 
VHF technology and FM as a method of 
communication. 

Also, in the immediate post-war period, 
there was a strong focus of interest in high 
fidelity sound reproduction — an interest 
which produced first the long playing 
record, then the tape recorder. 

In the area of broadcasting, enthusiasts 
were becoming acutely aware that they 
were losing a large proportion of the high 
audio frequencies because of the necessary 
sharply tuned circuits in typical AM 
broadcast receivers. While AM receivers 
operating in a VHF band need not 
necessarily suffer the same limitation, 
there was a suspicion that they might! 
Listeners already knew from earlier and 
rather limited experience, that an FM 
system could provide the full audio band¬ 
width, almost as a matter of course. 

The tide was therefore running strongly in 
the USA in favour of a full-scale VHF FM 
broadcasting system. In their post-war 
planning, the FCC reallocated the 40-50MHz 
region used for FM in its experimental and 
developmental stages, and set up a new FM 
band between 88 108MHz. At the same time, 
standards were laid down for transmitters 
and receivers, and modern FM broad¬ 
casting was on its way. 

While interest in FM and VHF broad- 



When FM radio was struggling for recognition 


The General Electric Company 
commenced marketing FM 
receivers in 1938, to receive GE 
and other stations within the 
band 42 to 50MHz. Sales litera¬ 
ture had to educate the public as 
to what FM was all about, the 
emphasis being on low back¬ 
ground noise and "pure, sweet 
music." 
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ALL-SONY SYSTEM 
IS MATCHLESS VALUE 



Sony’s new Libra music system is all- 
Sony—the way a balanced and matched 
music system should be. Instead of a 
'mixed bag' of various brand name 
components, the keenly priced Libra is 
an exclusive blend of specially matched 
components all protected by the unrivalled 
Sony warranty. Basic system price: $419* 


The key combination is... 

Sony’s TA-1066 amplifier gleams 
with logical design in a tasteful 
cabinet and has many features 
found only in more expensive 
models—direct coupled differential 
amplifier, balanced positive and 
negative power supplied equalizer 
amplifier and tone complementary 
circuits. 

Sony’s PS-5100 turntable 
significantly reduces wow and 
flutter with its aluminium die-cast 
platter and high quality 4-pole 
hysteresis synchronous motor. 

Auto arm return device. Reject arm 


device. Special built-in damping 
device and precision balanced 
tone arm. 

Sony’s SS-610 compact, 
versatile bookshelf speaker system 
can be used vertically, horizontally 
or hung on a wall. Superior tonal 
quality for their compact size. 
Good-looking oiled walnut cabinet 
with chic dark cloth. 20 cm woofer 
and 5 cm tweeter. 

Plus, as optional extras... 

Sony’s TC-134SD stereo cassette 
tape deck with Ferrite and 
Ferrite heads for long life and full 
cassette usage plus famous Dolby 


system reduction of tape hiss. 
Frequency response with chromium 
dioxide tape is 30-17,000 Hz. $264* 
Sony’s ST-5066. FM stereo/FM- 
AM tuner combines ideally with the 
TA-1066 and features FET front end 
for high sensitivity and minimum 
interference. Solid state filters 
ensure good selectivity. $170* 

'Recommended Retail Price 

Sony Kerntron Services Pty.Ltd. 

SYDNEY: 26 2651, MELBOURNE: 874 8222, 
ADELAIDE: 93 2338/9, BRISBANE: 44 4488, 
PERTH: 81 3422, LAUNCESTON: 2 5322, 
CANBERRA: 95 2100, Agents: 

NEWCASTLE: 61 4991, WOLLONGONG: 84 8022 


SONY. 
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FREQUENCY MODULATION 


casting was by no means confined to the 
United States, the decision set a firm pat¬ 
tern for the Americas and for Japan which, 
of course, ultimately became a VHF/ FM 
stronghold. 

In Europe, there was a similar pressure 
on space in the medium-wave broadcast 
band, and similar speculation about 
transferring some of the activity to VHF. 
Early on, Britain tended to favour the AM 
system, while, in Germany, there was a 
strong bias towards FM, even before the 
outbreak of hostilities. Dr Lothar Rodhe, 
one of the key witnesses in the recent 
Australian inquiry into FM, is credited with 
having built the first European FM trans¬ 
mitter, and with having made notable 
contributions to FM technology. 

In fact, along with band usage and 
frequency allocations, the question of AM v 
FM became the subject of quite heated 
debate in the European zone. 

Facing the need for a firm decision, the 
BBC conducted a series of tests which 
finally led to the adoption of the FM system 
for Britain’s supplementary broadcasting 
service. 

Apart from factors mentioned earlier, 
British engineers were swayed in their 
judgment by two further important con¬ 
siderations: 

When the signal from another FM station 
does appear in a receiver along with the 
wanted signal, the unwanted one is not 
heard provided its amplitude is always less 
than half that of the fnain signal. This so- 
called “capture effect” by a stronger signal 
provides an enormous advantage and 
allows stations to be sited much more 
closely than otherwise would be the case. 

In an AM system, the same degree of 
immunity would demand a ratio between 
the wanted and unwanted signals of about 
25:1. 

The other interesting point was that of 
transmitter design economy. To provide a 
given power output from an FM trans¬ 
mitter, the final power stage need only be 
rated to handle that power, plus a 
reasonable margin. In an AM transmitter, 
the carrier will achieve twice the amplitude 
and four times the power on modulation 
peaks, so that a much more generoiis — and 
expensive — output stage is required. 

While reference has been ma^e only to 
decisions in USA and Britain, there was a 
more or less parallel trend in Europe, 
Japan and elsewhere, and out of it emerged 
a fairly universal set of system standards, 
of which three can be mentioned ap¬ 
propriately — but very briefly — at this 
stage: band, modulation and audio 
response. 

BAND: VHF FM broadcasting is normally 
located within the frequency range 88 to 
108MHz. Not all countries use the full band, 
nor even the same segments, but most stay 
Within these limits. 

MODULATION: By similar agreement, an 
FM broadcast station is considered to be 
fully modulated when the maximum carrier 
frequency swing on amplitude peaks is to 
75kHz either side of the assigned figure. 
Expressed another way, maximum planned 
“deviation” is plus and minus 75kHz, or 
. 150kHz total. 

AUDIO RESPONSE: A third convention for 
FM broadcasting is to boost the treble 


response at the transmitter and to attenuate 
it by a similar amount in the receiver. By so 
doing, any noise or hiss that does penetrate 
the reproducing chain will tend to be 
reduced, along with the excess treble 
response. The reasoning, in fact, is similar 
to disc record practice, where the treble 
response on playback is deliberately rolled 
off to produce, hopefully, a level response 
overall. 

One small hitch is that the amount of de¬ 
emphasis is not standard around the world. 
The British broadcasting system has opted 
for somewhat less boost and cut than 
selected in America. Over and above that, it 
would appear that some tuner manufac¬ 
turers vary the amount of treble cut rather 
arbitrarily to produce what they judge to be 
the best overall result. However, the dif¬ 
ference is purely one of degree and tonal 
balance can usually be set to one’s personal 
preference by a slight up or down nudge of 
the amplifier treble control. 

With the emergence of stereo records, 
pressure developed to set up a system of 
stereo broadcasting and the FM system was 
the one which seemed most adaptable for 
the purpose. A great deal of research went 
on in the USA in particular, in the late 1950s, 
aimed at producing a system which would 
be mono / stereo compatible. Stations could 
thus transmit a stereo program which 
would be resolved as such by suitably 
designed tuners. However, the same 
program, heard on a conventional mono 
tuner, would simply be reproduced as an 
acceptable mono signal — as was already 
the case with stereo records. 

Various proposals were submitted to the 
American FCC (Federal Communications 
Commission) and, after thorough field 
testing, the FCC promulgated a set of 


standards based largely on parallel 
proposals from Zenith Radio Company and 
General Electric. 

While the FM, stereo concept warrants a 
separate article, in a nutshell the standards 
provided that the sum of the two stereo 
channels would constitute the basic and 
normal modulation for the carrier. 
Received on a conventional tuner, the 
stereo signal would be therefore resolved as 
a mono program, as happens when a stereo 
record is played on a mono system. 

However, a “difference signal” obtained 
by combining the stereo components out of 
phase, would be modulated on to a super¬ 
sonic frequency, which is modulated in turn 
on to the main carrier. New stereo tuners 
would separate out this additional signal, 
and “matrix” (or combine) it with the main 
modulation to derive the original stereo 
pair; these signals are passed on to the 
amplifier system. 

It sounds complicated but it can be made 
to work well. In fact, the matrixing of audio 
signals has become an everyday routine 
with the release of quadraphonic recor¬ 
dings. which blend four signals into two 
channels. 

It became obvious at the time that the 
technique could readily be extended to 
impose two extra signals on the main 
frequency modulated carrier: the “dif¬ 
ference” signal already mentioned and 
another quite unrelated mono program. 

This “SCA" (Subsidiary Communication 
Authorisation) channel allowed FM stations 
to transmit a second service program, 
which might typically provide background 
music for local business houses; it offered a 
possible source of additional revenue to 
stations which were financially none too 
strong at the time. 



SONY AT THE 
OPERA HOUSE 

Pictured at right is Mr Yoshii, Senior 
Managing Director of the Sony Corporation, 
Japan. Mr Yoshii was speaking at the "Sony 
at the Opera House" exhibition, opened by 
the Lord Mayor of Sydney, Alderman Nick 
Shehadie. Displayed at the Exhibition was a 
very wide range of audio and video 
products, with a heavy emphasis on colour . 
television. Below is shown one of many 
display areas; in the foreground is a small 
monochrome CCTV camera with electronic 
viewfinder. 
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APOLLO HI-FI CENTRE 

283 Victoria Road, Marrickville 
Telephone: 560 9019 



APOLLO HI-FI CENTRE For top trade-ins - 

LAYBYS accepted — FINANCE arranged 
This month only! $50 worth of records with each system purchase. 
Open Mon.-Sat. 9-5.30 p.m. 

Thursday 9-9.00 p.m. 
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FREQUENCY MODULATION 


FM stereo broadcasts went to air of¬ 
ficially within a few weeks of the FCC 
decision and the stereo facility was un¬ 
doubtedly one of the factors which has since 
boosted the fortunes of FM stations. 

Similar standards were adopted by other 
countries which had an F’M broadcasting 
svstemso that, nowadays, FM broadcasting 
is rapidly becoming synonymous with 
stereo, at least at the transmitting end. A 
large proportion of the listeners still only 
have mono tuners but stereo tuners are 
featured in much of the new equipment 
currently on sale. 

Curiously, one of the problems which has 
slowed the universal adoption of stereo 
broadcasting has nothing to do either with 
transmitters or receivers. It is the problem 
of conveying stereo signals to network 
stations over conventional program land¬ 
lines. While a mono signal can be conveyed 
over any program-quality landline, stereo 
signals required two landlines with closely 
matched phase and delay characteristics. 
Even in a country as compact as Britain, 
stereo broadcasting has had to spread at a 
rate dictated by the provision of program 
links of a different kind. 

As far as Australia is concerned, there 
was an early tacit assumption that a system 
of FM broadcasting would be initiated in 
due course and, in 1946, the band 90-108MHz 
was set aside tentatively with a view to 
accommodating ultimately 90 FM channels. 
It was suggested that experimental trans¬ 
mitters could be set up in each capital city 
by the ABC and by the Federation of 
Commercial Broadcasters to evaluate the 
FM system in the Australian environment. 

In 1947, transmitters operated by the 
PMG were set up in Sydney, Melbourne, 
Brisbane and Adelaide and fed with 
program material patched in from the ABC 
network. The Federation of Commercial 
Broadcasters took no action and, in the 
following year, the Broadcasting Act was 
amended to prohibit the use of FM by any 
commercial station. 

1949 saw the establishment of the ABCB 
(Australian Broadcasting Control Board) 
and its early attitude was to favour strongly 
the introduction of FM broadcasting. 
Amongst other things, it secured repeal of 
the prohibition against commercial FM 
stations. 

Meanwhile the “experimental” trans¬ 
missions continued but they were never 
publicised or scheduled — presumably to 
discourage the public from assuming that 
they were official or that it was appropriate 
to invest in tuners or receivers. 

However, as the time approached for the 
opening of the television system, interest in 
the FM proposals was totally overshadowed 
and, in its 1958 report, the Board recom¬ 
mended that consideration of an FM service 
be set aside for the time being. 

In fact, such was the public response to 
television, that the government of the day 
felt justified in re planning the system to 
provide more channels and more stations. 
In the process, that part of the VHF spec¬ 
trum which would otherwise have been 
reserved for FM broadcasting, was 
reallocated to television and other services. 
The experimental services were closed 
down — this in June 1961. 

There were protests from those who were 


looking forward to a full FM service, but 
they were set aside. The electronics in¬ 
dustry had a far bigger stake in television 
and “other services”, while the broad¬ 
casting interests were just as happy to see a 
possible competitive system pushed atfide. 
The public didn’t care, because the public 
didn’t know, and they were preoccupied by 
television anyway! 

Some did notice the high quality of pre- 
transmission music received on their TV set 
— carried to them by an FM system — but 
the observation did not count for much. 

In many respects, the situation was 
strongly reminiscent of that in the USA 
around 1940, when Armstrong was fighting 
a seemingly losing battle against television, 
the networks and industry forces. 

The Australian administration conceded 
that a supplementary broadcasting service 
would be necessary in Australia, in due 
course, probably after the transition to 
colour television. It would operate on a UHF 
band, probably around 450MHz, but it could 
be planned to take full advantage of the then 
"state of the art”. 

To many, this had all the elements of a 
“pipe dream”, which they would be too old 
to enjoy! 

There the matter rested until the change 
in Government in late 1972. Initially, the 
new Government indicated that it would go 
along with the earlier planning but the 
decision was by no means unanimous. 
Because of this, and renewed agitation for 
an FM service on VHF, the Government set 
up an independent inquiry, in 1974, con¬ 
ducted by Sir Francis McLean, former 
•director of engineering for the BBC, and 
economist Professor C. C. Renwick. 

The Inquiry strongly recommended 
initiating an FM service within the in¬ 
ternationally recognised limits of 88- 
108MHz. Some stations could be put into 
service with a minimum of delay, with 
location, frequency and power, selected so 
as to slot between TV channels, without 
causing interference in existing TV 
receivers. Television stations operating 
within the FM band would gradually be 
reallocated to other channels and the band 
progressively cleared, over a number of 
years, for the operation of a full-scale 
FM / stereo service. 

The Government accepted in principle the 
recommendations of the Inquiry and the 
plan now only remains to be implemented. 

While it may be relatively easy to provide 
an interim mono service by reviving old 
equipment and taking split from the ABC 
program lines, detailed multi-station 
planning and provision of separate stereo 
programming will obviously take longer — 
how much longer will doubtless depend on 
the political and economic climate. 

The important point, however, is that the 
revised plan will ultimately bring Australia 
more into line with overseas practice and 
provide meaningful signals for the many 
FM tuners which have found their way into 
Australia as an integral part of imported 
equipment. 

And New Zealand? There has been 
consistent minority pressure in that country 
also for a VHF FM service — and a no less 
consistent rejection of the idea by suc¬ 
cessive governments. It may well be, 
however, that the abrupt about-face in 
Australia will strengthen the case for an 
ultimate parallel decision across the 
Tasman. 


(To be continued) 


Computer 

Technology 

* * * * 

professional 
training by 
the Education 
Division of one of the 
world’s leading 
Computer 
Manufacturers 
* * * * 
Diploma Course in 
Computer Electronics 
and Technology 
5 days a week for 
7 months 
* * * * 

Due to the growth of the Computer Indus¬ 
try there will be a continuing need for pro¬ 
fessionally trained computer Specialists. 
Control Data’s professional training with 
student "hands on” experience on a Com¬ 
puter System aims to produce Computer 
Specialists competent to enter the Com¬ 
puter Industry. 

Our very effective placement service will 
assist you in finding employment at the end 
of your course. 

I INSTITUTE DIVISION 
221 Miller Street, 

| North Sydney 2060 


| of 


I Post Code 
Educational 
| Standard 
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This is the Hi-Fi Year 20 A.S. Twenty 
years AFTER SANSUI. Twenty years 
after Sansui successfully introduced 
a hi-fi amplifier to the world markets. 
Twenty years of Sansui achievement. 
Twenty years of dramatic changes on 
the hi-fi scene. We've seen the 
introduction of the stereo recording ... 
and four channel Oquipment ... and 
Sansui has been there, pioneering 
research and development for the ever 
growing international audio market. 
Today Sansui equipment leads the 
field, at home in Japan and overseas. 
Sansui’s formidable reputation has 
been built around the performance 
and reliability of the Sansui product. 
With Japan’s most dedicated electronic 
engineers at the drawing boards and 
supervising production, it’s not 
surprising. 


ScuistlL 


Sansui sets world wide standards for 
audio equipment. You’re always ahead 
technically when you buy Sansui. And 
you get extraordinary value for money. 
See your Bleakley Gray dealer! 


HI-FI um 


What's in the Sansui range in the Hi-Fi 
Year 20 A.S.? 

□ STEREO AMPLIFIERS □ FOUR 
CHANNEL AMPLIFIERS AND RECEIVERS 

□ FOUR CHANNEL “ADD ON” UNITS 

□ STEREO TUNER/RECEIVERS 

□ SPEAKER SYSTEMS □ TUNERS 

□ HEADPHONES □ TWO AND 
FOUR CHANNEL TAPE DECKS 

□ STEREO CASSETTE DECKS 

□ TURNTABLES/SOUND SOURCES 

□ MANY AUDIO ACCESSORIES. 

Sansui equipment is distributed 
throughout Australia by the Bleakley 
Gray Corporation Pty. Limited, a 
Division of Rank Industries Australia 
Pty. Limited. Sales and service 
facilities are nation wide ... and 
Sansui performance is matched only 
by the enthusiasm of the specialist 
hi-fi stores ... the men who sell Sansui. 



Sansui Distributors: Australia, excluding W.A.: 


Bleakley Gray Corporation 
Pty. Limited. 


Melbourne Office: 58 Queensbridge St., South Melbourne, Vic. Tel. 613281. 
Sydney Office: 177 Salisbury Rd„ Camperdown, N.S. W. Tei.5195555* 
Canberra Office:25 Molonglo Mall, Fyshwick, A.C.T. Tel. 952144* 
Adelaide Office: 2 Bowen St., Kensington. Tel. 332 4288. 

Brisbane Office: 14 Proe St., Fortitude Valley, Old. Tel. 52 7333. 

Perth Office: 27 Oxford St.. Leederville, W.A. Tel. 814988. 
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We try to look at products 
through your eyes 


On what basis do we assess the products — particularly the hifi products — 
which are reviewed each month in Electronics Australia? This question is put 
to us from time to time, by readers and by distributors. The heading gives a 
clue to the answer: we try to evaluate products from the viewpoint of the likely 
consumer, combining subjective reaction with laboratory testing. 


Just to set the record straight, Elec¬ 
tronics Australia does not seek to run direct, 
comparative A-B-C-D tests between 
competitive products. That role and that 
task belongs to consumer organisations and 
consumer magazines which have their 
financial and legal basis in registered 
subscriptions. They exist for that purpose 
and. in many cases, for that purpose alone. 

As in most other bookstall magazines, 
.products are reviewed in “Electronics 
Australia” on an individual and spon¬ 
taneous basis. In many cases we review 
them at the request of distributors; in other 
cases, the initiative comes from us. 

When a product is made available for 
review in this way, we are free to test it and 
to make fair comment — arid this we do 
without pressure from the manufacturer or 
the distributor. In fact, if there was hint of 
such pressure, we would opt out very 
smartly. Our whole credibility as a 
technical magazine would suffer if it 
became evident that our reviews were being 
“cooked” to please advertisers. 

By implication, distributors must have 
confidence in a new product — and in our 
impartiality — to expose them in this way. 
• To be realistic, they do not expect — and 
we do not expect — to find “perfect” 
products: units which are above criticism 
and which outperform and undersell 
everything else on the market! A more 
practical aspiration is to expose a product 
which is thoroughly competitive in per¬ 
formance and price and which will attract 
its share of buyers. 

Occasionally — just occasionally — we 
have to thoroughly “pan” something but, 
curiously, this has not made us bad friends 
with anybody — at least locally. As often as 
not, a bad report is used by a distributor as 
“ammunition” to have a product improved 
or up-dated. 

Superficially, it might seem that the 
whole function of a review is to evaluate a 
particular product as a guide to intending 
buyers and, undoubtedly, it will serve this 
purpose. 

But. if that were the sole reason to publish 
reviews, they might figure a lot less in hifi 
magazines. They would represent so many 
wasted pages to the army of enthusiasts 
who, at any one time, are NOT immediately 
interested in buying a new amplifier, a new 
cassette player, or some new exotic piece of 
hifi gadgetry. 

In fact, over and above the evaluation of 
specific products, reviews tend to 
crystallise trends and design achievements, 


giving substance to that overworked 
phrase: “the state of the art”. As a result, 
they tend to be read with interest, whether 
or not the reader has any immediate in¬ 
tention of buying a similar product. 

And this remains true, even though we 
are able to examine only a limited cross- 
section of the products on the market. 

Take cassette players for example: 

There are literally dozens of models 
available, of varying shape, size, 
specification and price. If you have any idea 
of buying one at some time in the future, 
you’ll probably read published re' 'ews with 
interest. You'll gradually build up a picture 
of the facilities that are provided, 
reviewer’s reactions to them, the features 
that would seemingly be relevant to your 
needs, what to look out for, what to be wary 
of. 

You may finish up buying a model that 
has not, to your knowledge, been reviewed 
— yet your choice has been educated by 
comments on a variety of other machines. 

It is because of these factors that we try to 
adopt a consumer orientated approach to 
reviews in “Electronics Australia”, not 
only with hifi equipment but with records 
and tapes as well. We try to see products 
through the eyes of the class of consumer at 
whom they are aimed. Will the likely 
purchaser be happy with the item which he 
or she buys? 


by NEVILLE WILLIAMS 


This means, in practice, that our 
reviewers have to adopt postures ap¬ 
propriate to the product, rather than 
making learned pronouncements from 
some heavily instrumented ivory tower. 
Those who follow our record and tape 
reviews will surely have been able to sense 
this. If the appeal of a recording is one of 
nostalgia, or long-play mood music, we 
don’t ridicule it because it lacks the sparkle 
of the latest hifi technology. The intention is 
defined and the recording evaluated on that 
basis. 

Similarly, if a piece of hifi equipment is 
intended for the budget conscious con¬ 
sumer, we test and review it with that in 
mind. If it represents good value for money 
and we feel that the likely consumer will 
be pleased with it, we say so — even if it 
falls well short of the ultimate. 

Equally, if we are asked to review the 
“ultimate”, with price tag to match, it is 


reasonable to apply ultimate criteria. 

But enough of the generalities. How do we 
go about testing and evaluating typical 
nieces of equipment? And are they truly 
random samples or have they been 
“prettied up” before we see them? 

Sometimes they are random samples, 
taken unopened from a shipment. 
Sometimes they are one of a couple of ad¬ 
vance units airfreighted to the distributor 
for evaluation and publicity. Far from being 
“prettied up” these may well have been 
trundled around Australia to interstate 
branches! 

Rather than follow hard and fast rules, we 
try to apply ordinary common sense. Is the 
item basically well designed, and well 
constructed? Does it align with modern 
practice and market needs? Is it capable of 
meeting specs? Does it represent 
reasonable value for money? Are there 
faults and omissions which warrant special 
mention? If there are faults, are they likely 
to be isolated or symptomatic, and would 
they be covered by guarantee? 

And so on . . . 

When a piece of equipment comes in for 
review, we normally unpack it, check in¬ 
clusions, remove transit bolts, &c, and set it 
aside on the bench awaiting a trip to the 
photographic studio. 

During this phase, it is sitting in our 
laboratory, exposed to the attention and the 
curiosity of the dozen or more people who 
may be in there during the course of a 
couple of days. And, as you might imagine, 
those people react quite spontaneously to it. 
It’s big, bulky, small, compact, nice, nasty, 
neat, gaudy, &c. 

But often the remarks are perceptive to a 
significant degree, as comparison is made 
with what the observers own, or have 
noticed in shops and advertisements. 

Then comes the actual testing and in¬ 
strumentation. 

With the aid of test recordings we 
measure the performance of phono car¬ 
tridges, noting frequency response, 
distortion, tracking, channel separation, 
output level. Then we listen to their per¬ 
formance on typical — and familiar — 
recordings, in case some quality should 
emerge which did not show up on the meters 
or CRO face. 

With tape machines, the routine is rather 
similar, except that we have to measure 
recording characteristics as well, overall 
record / play response and distortion, and 
signal/.noise ratio. 

Amplifiers are relatively easy to test 
because they lend themselves so completely 
to instrumentation. We use a low distortion 
wide-range audio generator, resistive loads, 
a Hewlett-Packard noise and distortion 
meter. Advance or Telequipment 
oscilloscope, and one of a number of digital 
voltmeters. 

(Continued on page 25) 
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Sound delivered 
at the speed of light. 


We will deliver any sound system — 
not quite at 186,000 miles per second* 
— but within 24 hours to anywhere on 
the East Coast of Australia. And within 
48 hours to anywhere on the West 
Coast. 

All you have to do is fill in the 
coupon below and send us a bank 
cheque for the correct amount. Within 
24 hours of receiving your order (or 48 
hours if you live on the West Coast), we 
guarantee to have the sound system of 
your choice on your doorstep. 

It’s as easy as that. 

We stock all leading brands: AKAI, 
Apan, BASF, BSR, CEC, Dual, Elac, 
Era, Fisher, Garrard, Goldring, Jensen, 
Kenwood, Leak, Lenco, Phodis, 
Pioneer, Sonics, Standard, Weltron . .. 
You name it, we’ve got it. 



And take a look at some of these 
unbeatable prices: 

Jensen Model 1 Speakers, a 
Standard 403 Amplifier and an Apan 
Turntable — the complete system for 
just $269.00. (That’s the system shown 
above.) 



The AKAI AA-5200 Amplifier, which 
delivers 30 watts RMS, only $179.00. 



The AKAI CS-33D Cassette Deck, 
$199.00. Features all the famous AKAI 
exclusives, including Dolby. 



Jensen speakers, Models 1, 2 and 3, 
ranging in price from $99.00 to $279.00. 

Plus the complete range of 
Kenwood Amplifiers, delivering from 10 



You name it, we stock it. If we don’t 
stock it, we’ll get it for you. And if you 
want a system or unit not named here, 
post this coupon and we will send you 
our very special price by return mail. 

Our prices are unbeatable. As, also 
is the speed with which we deliver. 

*The speed of light. 


RUSH!RUSH! RUSH! 

Please rush me, within 24/48 hours of receipt of this coupon anc 

□ the Jensen/Standard/Apan sound system $269.00 

□ the AKAI AA-5200 Amplifier $179.00 

O the AKAI CS-33D Cassette Deck $199.00 

□ two Jensen Model 1 Speakers $ 99.00 

□ two Jensen Model 2 Speakers $169.00 

□ two Jensen Model 3 Speakers $279.00 

I enclose my bank cheque for $ 

Please rush me, by return mail, your price for 


r whatever unit 



330 PACIFIC HIGHWAY, CROWS NEST. N.S.W. 2065. 
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HIFI REVIEWS 


APAN BFU-121 
auto turntable 

An automatic turntable is certainly a boon in any stereo system, but high- 
quality units can be very expensive. One machine which certainly should be 
considered when buying is the Apan BFU-121. This is a fully automatic single¬ 
play turntable which is belt-driven and is supplied with magnetic cartridge. 


The Apan BFU-121 is top model in a range 
of three turntables distributed in Australia 
by Ralmar Agencies Pty Ltd. It is normally 
supplied complete with walnut-veneered 
base and smoke-tinted perspex cover. 

Outside dimensions of the base and cover 
are 434 x 346 x 180mm (W x H x D) while the 
perspex cover requires 80mm clearance at 
the rear of the unit to allow it to open fully. 
If you buy the unit without base and cover 
and mount it yourself, full mounting in¬ 
structions are supplied on a full size 
diagram which is available upon request. 
Dimensions of the player deck are 390 x 
305mm and the arm counterweight does not 
normally overhang at the rear. 

When you purchase one of these turn¬ 
tables, the player is carefully assembled in 
one carton while the base and cover is 
packed in another carton. It all goes 
together quite simply and without 
problems, following the brief but concise 
instructions. We found no problems at all in 
setting it up and all who saw it agreed that it 
was very well finished. 

The platter is a 30cm aluminium 
diecasting weighing 1.3kg. It is belt-driven 
from the resiliently mounted 4-pole syn¬ 
chronous motor via a 5mm wide polished 
neoprene belt. Speed change is provided at 
the motor spindle for 33 or 45 rpm. We found 
the turntable bearing very quiet and free. 
As evidence of this, we took the belt off, 
spun it up to 33 rpm and then let it run down. 
It took just over 90 seconds to come to a halt. 

Appearance of the tone arm is very 
similar to that on many Japanese turn¬ 
tables. It has a rotating counterweight 
which balances the arm as well as providing 
the means of vertical tracking force. Anti¬ 
skating force is applied by a small weight 
and lever system on the arm hub. The 
headshell is removeable and has the EIA 
standard locking collar, standard colour- 
coded cartridge leads and provision for 
stylus overhang adjustment. The headshell 
takes all cartridges with 12.5mm mounting 
centres. 

Damped arm lifting and lowering is 
provided by a small lever on the control 
panel. The damped lifting and lowering 
function also comes into operation during 
automatic play. Two control levers and a 
push-button are provided for automatic 
play. One selects the record size while the 
other, together with the concentric push¬ 
button, provides the functions such as Auto 
start, stop, manual and repeat. 

Pushing the main control lever to Auto 


starts the motor running, moves the arm 
over to the start of the record and lowers it 
gently. At the end, the arm lifts and returns 
to rest and switches off the motor. Pushing 
the control lever to Repeat after playing has 
begun enables a record to be repeated 
continuously. And leaving the player in the 
Manual mode, you can start the motor 
simply by moving the arm away from the 
rest. At the end of play, it returns to the rest 
in the normal way. 

At all times, the BFU-121 functions 
quietly and appears foolproof. The main 
drive cam gear is made of nylon instead of 



the more usual zinc diecasting found in 
record changers, so that it should stay 
quiet. All the levers in the sample 
mechanism were well-lubricated, too, 
which is not always the case. Some 
automatic turntables we have seen in the 
past do not appear to have been greased at 
all. 

We found that the automatic stop 
mechanism would function reliably with 
cartridge tracking forces down to % gram, 
which is adequate. However, we would not 
recommend the turntable for use with high 
compliance cartridges intended to track at 1 
gram or lower, because of bearing friction 


in the arm. The people at Ralmar Agencies 
Pty Ltd agree entirely with this recom¬ 
mendation but point out that they supply a 
cartridge with the unit which will satisfy all 
but the most discriminating users. 
Discriminating users, we might add, will 
require a correspondingly fatter wallet. 

No muting is provided on the turntable, ie, 
the cartridge leads are not shorted out 
during the automatic cycle. However, the 
arm movements are quite gentle and since 
“clunks and bongs” were not at all evident 
from the loudspeakers while the 
mechanism was functioning, muting does 
not seem to be important. A capacitor is 
connected across the motor switch to 
prevent switching transients being radiated 
from the mains wiring into the signal 
wiring. 

We found the fixed anti-skating force 
applied on the arm insufficient for the 
tracking weight normally used with the 
supplied cartridge. However, this is really 
not a problem, as the measurements in¬ 
dicate. Normally, tracking weight is set at 
2.5 grams. 

Cartridge specifications are quite 
modest, which is surprising in these days of 
pretentious specs. A 0.6mil conical diamond 
stylus is fitted. Cross-talk at 1kHz is rated at 
15dB or more while at 10kHz it is rated at 
8dB or more. Channel balance at 1kHz is 
within 2dB. Frequency response and 
compliance or tracking ability was not 
quoted. 

Using the CBS STR 100 test record we 
measured frequency response of the car¬ 
tridge at plus or minus 3dB from 20Hz to 
20kHz. Crosstalk at 1kHz was minus 30dB in 
both directions while it was more than lOdB 
in both directions at 10kHz. Channel balance 
was within 3dB over the whole range. 
Waveform of the cartridge was good, about 
average for a typical magnetic cartridge. 

Tracking performance was checked on 
the W&G 25 / 2434 test record. At 2 grams it 
tracked the plus 12dB test track while at 2.5 
grams it almost but not quite tracked the 
plus 16dB band without distortion. For most 
records, it will track quite well at about 1.5 
grams. In general, the performance of the 
cartridge is quite good and is typical of 
several medium-priced better-known 
brands. 

Rumble of the turntable proved very 
difficult to measure because we are plagued 
with inherent building rumble. However, we 
were able to determine that rumble was 
very low and well below the majority of 
idler driven turntables. 

The only negative comment we want to 
make concerns the small moulded 2-pin 
mains plug. These are fitted to an in¬ 
creasing proportion of high fidelity 
equipment imported from overseas. As 
such, these plugs are intended for 110V 
operation and are quite dangerous at 240V. 
The reviewer found this to his cost. I 
received a severe shock because my fingers 
accidentally came in contact with the plug 
pins when pulling the plug out of a socket on 
the back of an amplifier. The plug moulding 
is so small that this easily occurs. 

Admittedly, one should disconnect am¬ 
plifiers from the power point before 
plugging in other equipment, but this is all 
too easy to forget when you are in a hurry. 
Australian plugs and sockets are designed 
so that it is almost impossible to come into 
contact with the mains when inserting or 
removing a plug from a socket. So, a 
general warning, if the equipment you 

(Continued on page 25) 
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SUPERIOR 

STEREO 


TURNTABLES 


c hd 



BD 2000A BD 6000 


Years 

Guarantee 


BA 600 


A manual player of simple trouble- 
free design, featuring: 


A manual player for the connoisseur 
with advanced tone arm design and 
extremely low rumble. Perfect for 
4 channel. 


A fully automatic design with a 
simplified mechanism for maximum 
reliability, featuring: 


4 pole synchronous motor. 

30 cm aluminium die cast platter 
weighing 1.2 kg. 

0.1 % wow and flutter or less. 
Fitted with MC 10 magnetic 
cartridge with 0.7 mil diamond 
stylus. 

Overall dimensions: 

460 mm (W) x 357 mm (D) x 
185 mm (H). 


• Completely isolated 4 pole 
synchronous motor. 

• Less than .07% wow and flutter. 

• Full anti skating compensation. 

• Fully sprung suspension. 

• Fitted with MC 20 cartridge with 
frequency range to 40 KHz. 

• Stylus cleaner. 

• Overall dimensions: 

500 mm (W) x 405 mm (D) x 
190 mm (H). 


• Belt driven 30 cm platter weighing 
1.2 kg. 

• Four pole synchronous motor. 

• Less than 0.1% wow and flutter. 

• Static balance tone arm with anti 
skating compensation. 

• Fully automatic and manual 
operation. 

• Fitted with MC 8 magnetic 
cartridge. 

• Overall dimensions: 

460 mm (W) x 357 mm (D) x 
185 mm (H). 


Price $139 


Price $199 


Price $169 



V 
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HI-FI REVIEWS 


SAE Stereo Equaliser 
and Power Amplifier 


Scientific Audio Electronics, Incorporated are represented in Australia by 
Leroya Industries Pty Ltd. Here we review the SAE Mk 1 B stereo preamplifier 
which has a "graphic equaliser" and the SAE Mk IVCM stereo power am¬ 
plifier. 


It is not often that we have the opportunity 
to review really expensive equipment, since 
readers and equipment distributors alike 
are mainly interested in the “middle price 
range” of the market. But it is interesting to 
look at the gear offered to the man who has 
more than a few dollars in his pocket. 

The SAE equipment to hand was a Mark 
IB Stereo Preamplifier Equaliser plus the 
Mark IVCM Solid State Stereo Power 
Amplifier. Together, they form a 
superlative stereo amplifier system with 
many unusual features. Let’s look at the 
Preamplifier Equaliser first. It really could 
be called a solid state control unit. 

Most unusual feature of the unit is the 
group of seven slider controls which replace 
the usual bass and treble tone controls. This 
group of controls is called a “graphic 
equaliser”. 

Graphic equalisers were first used in 
recording studios to compensate for 
deficiencies in equipment and acoustics. 
The equaliser splits the audio spectrum into 
a number of frequency bands and has a 
control to boost or attenuate each band so 
that sharp peaks or dips con be corrected. 

Ideally, the narrower the frequency 
bands the better, as this enables very sharp 
peaks such as occur with loudspeakers to be 
correctly compensated. Some graphic 
equalisers have as many as three controls 
per octave, others have the controls at 
octave spacing. This SAE unit, designed 
primarily for home use, has the controls at 
more than octave spacing with the bands 
centred on 40, 120, 320, 960, 2.5k, 7.5k and 
15kHz. 

Total boost and cut available on each 
frequency band is plus or minus 16dB, 
which is rather more than is available on 
normal tone controls. There are three push¬ 
buttons associated with the equaliser 
controls: one defeats the control settings to 
provide a flat frequency response; one 
reduces the range of control to plus or 
minus 8dB and the third enables tape 
recordings made via the unit to be tonally 
compensated. 

We will talk more about the equaliser 
controls later in the review. 

Another interesting feature of the MklB is 
the volume control. Instead of the normal 
rotary ganged potentiometer, it is a 23-step 
rotary switch with a total range of 33dB. 
SAE use the rotary switch to obtain very 
close tracking between channels, which is 


just not possible with a carbon track ganged 
potentiometer. 

Immediately below the main volume 
control is a five position gain switch which 
changes the gain in 12dB steps. Besides 
enabling you to set the gain of the system to 
suit room and loudspeakers it also acts as a 
handy muting switch, for use during 
telephone conversations and similar 
situations, where you do not wish to change 
the volume control setting. 

To the right of the gain controls are the 
balance control and the loudspeaker 
selector. How can a preamplifier-control 
unit switch the loudspeakers? A heavy 


It was here that we came across the first 
problem with the equipment. It had arrived 
direct from the USA and the local 
distributors had not had time to inspect 
before submitting it to us. In transit, the 
power supply board, which carries the 
reasonably heavy transformer, had broken 
away from one of its mountings and was 
hanging rather precariously from the three 
remaining pillars. 

We were inclined to believe that the 
weight of the transformer combined with 
the method of staking the mounting pillars 
to the board was responsible for the 
breakage. But Leroya state that apparently 
the plane flight to Sydney was extremely 
rough because several other items in transit 
had also been damaged. In any case, 
Leroya assure us that their normal in¬ 
spection procedure would pick up this fault 
before it was delivered to the customer. 

Both the units submitted for review were 


'>~ 0 ~ 



cable carries the output signal from the 
power amplifier back to the preamplifier 
whence it is switched and routed to a set of 
output sockets on the rear of the unit. 

Comprehensive input facilities are 
provided via the Selector and Mode swit¬ 
ches, so that tape monitoring and copying 
can be done between three recorders, one 
connected via the front panel sockets and 
the others connected via the rear panel. 

On the rear panel of the Mk IB is the 
unusual array of RCA sockets, speaker 
sockets and 2-pin mains sockets. Also on the 
back is a push-button which increases the 
gain of the entire system by 20dB if need be. 
This is a good feature, as it provides extra 
gain which is not likely to be switched in by 
accident, possibly damaging loudspeakers 
by overload. 

Inside, the unit is very neatly laid out on 
three printed boards. One board, mounted 
vertically carries all the toroid-wound in¬ 
ductors for the equaliser controls. The other 
two boards are mounted horizontally, up¬ 
side down from the top panel. 


supplied without cabinets but Leroya In¬ 
dustries Pty Ltd state that all future 
deliveries will have imported timber 
cabinets supplied at no extra cost. The 
preamplifier and amplifier were supplied 
with two-core mains flex, which we frown 
on, but future deliveries will have a three- 
core mains cord and plug fitted. 

Turning now to the Mark IVCM power 
amplifier, this has the same size front panel 
as the Mk IB. On the panel, two large 
meters are mounted, together with two 
slider controls for Balance and Level 
control. Four push-buttons provide sen¬ 
sitivity adjustment for the meters which 
indicate the power output from each 
channel. 

Inside, two very large power trans¬ 
formers provide separate power supplies 
for each channel. The supplies have 
balanced positive and negative rails to 
eliminate the output coupling capacitor. 
Instead of the usual finned heatsink, two 
large U-shaped 10-gauge aluminium 
heatsinks carry six power transistors per 
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HI-FI REVIEWS 


channel. The power transistors are covered 
by a protective grille, which is necessary, 
since they operate at quite hefty voltages. 

We were not able to refer to a circuit of 
the amplifier but it appears to be a quasi¬ 
complementary configuration with parallel 
connected output transistors. The voltage 
amplifier stages of the power amplifiers are 
mounted on two large printed boards. These 
boards are mounted horizontally and 
secured at one end; they are supported at 
the other end by the wires to the large filter 
capacitors, which gave the boards a twist. 
Not a very good method. We understand 
that the local distributors are making ap¬ 
proaches to the manufacturer to have this 
aspect improved. 

Another problem we found was the 
illumination of the power meters. These are 
mounted behind translucent black glass 
which present an inscrutable appearance 
(as shown in the photograph) when the 
amplifier was not in use. We found the 
meter illumination too dim even for very 
subdued room lighting conditions and feel 
that it should be increased. Why have the 
power meters if they cannot be read 
easily? 

Naturally, we hooked both units together 
with a good quality magnetic cartridge and 
loudspeakers and had a prolonged listening 
session. At first, we were a little sceptical 
about the use of the “graphic equaliser” 
controls but after a period of use we think it 
has worthwhile application in a high fidelity 
system of this class. The catch is that you 
must have a discerning pair of ears or a 
calibrated microphone, or both! 

One does not use graphic equaliser tone 
controls to “boost the violins” or “give a lift 
to the bassoon” as some manufacturers 
would like the consumer to think. Rather, 
the equaliser is used to compenaste 
characteristics of the system , such as mid¬ 
frequency prominence, a tendency to 
“honkiness” in the loudspeakers, lack of 
extreme treble due to cartridge roll-off and 
so on. Such corrections tend to be subtle 
rather than the massive changes effected 
by normal tone controls. 


Apan from p21 

purchase has 2-pin plugs intended for 110V 
operation, remove them and fit approved 
Australian 240V plugs. 

Apart from the above complaint, which is 
easily rectified, we were impressed with the 
Apan BFU 121. It is one of the few fully 
automatic belt-driven turntables presently 
available. And its soaring sales testify that 
it’s a bargain at a recommended retail price 
of $112 including arm and cartridge. The 
base and cover add $26.85 to provide a 
complete package of $138.85. Warranty is 12 
months from date of purchase and a 
plentiful supply of spare parts is maintained 
by the distributor. 

For further information on the Apan 
range of turntables, contact your nearest 
high-fidelity retailer. Trade enquiries 
should be directed to the Australian 
distributors for Apan, Ralmar Agencies Pty 
Ltd, 71-73 Chandos Street, St. Leonards, 
NSW 2065. (L.D.S) 


So if one uses the equaliser controls 
sensibly they can effect very worthwhile 
changes to the system. But we are inclined 
to the view that this sort of facility should 
not be exposed on the front panel — it is all 
too easy to “play” with the controls which 
defeats the purpose of providing them. 


continuous power into 8-ohm loads, or more 
than 100 watts per channel. This was easily 
checked. We measured power at 128 watts 
per channel, whether driven separately or 
together. Distortion is rated at less than 0.1 
pc but at all times it was below the threshold 
of our instrument capability of about 0.03 
pc. Other specifications such as frequency 
response, power bandwidth, damping factor 
and stability were all easily met. 

Sensitivity of the power amplifier is 1 volt 
for full power. At this output from the Mark 
IB we found it again impossible to measure 
harmonic distortion. It was not until we 
raised the output signal to a whopping 13V 


rms that the distortion rose to 0.15 pc. This 
was with the equaliser controls set for a flat 
response. With typical boost and cut set¬ 
tings and the output signal set for IV, the 
worst distortion measurement was 0.24 pc. 

Signal-to-noise ratios claimed were a 
little difficult to verify since they did not 
specify how the inputs were to be loaded and 
whether the figures were weighted or not. 
Either way, the figures were very good 
anyway. With the phono inputs shorted, the 


quoted. At any rate, the two units operating 
together are very quiet. 

Summing up, the SAE MklB preamplifier 
equaliser and Mk IVCM power amplifier 
are a very high performance team which 
should give years of satisfaction. They are 
expensive, but they have many worthwhile 
features not found on other equipment. 
Recommended retail prices are $799 for the 
Mk IB and $663 for the Mk IVCM. 

SAE equipment is available from selected 
retailers throughout Australia. For further 
information, contact the Australian 
distributors, Leroya Industries Pty Ltd, 266 
Hay Street, Subiaco, WA, or interstate 
branches. (L.D.S.) 


PRODUCTS THROUGH YOUR EYES from pi9 


With this set up, it is possible to plot very 
accurately the frequency response, the 
effect of various controls and filters, power 
output, distortion at various power levels, 
signal / noise ratio for all channels, and so 
on. We can — and do — check transient 
behaviour with square-wave input, and 
stability into reactive loads. 

This is the stuff of which photographs and 
impressive curves are made but, to con¬ 
serve space, we normally summarise 
behaviour in words. It is possible to express 
quite succinctly that the normal response is 
flat between certain limits, that bass and 
treble boost and cut amount to so many 
decibels at certain frequencies, and that the 
amplifier does or does not meet 
specifications in various respects. 

Loudspeakers pose a special problem in 
that one needs to own or hire an anechoic 
chamber with full instrumentation in order 
to measure response. And even then, as 
Professor Bose pointed out recently, you 
still have to listen to a loudspeaker system 
to see whether you like it — whether it 
sounds like it looks! 

Because of this, we tend to rely heavily on 
A-B listening tests, comparing a single 
system with other known single systems, 
and using a range of familiar mono 
program material. Invariably, we try for a 
group verdict. 

In special cases we get as close as we can 


to consumer conditions. For example, tests 
on the Philips Quadreflect system were 
organised in the writer’s own home and we 
lived with them for a couple of weeks. Out of 
the experience came the firmly worded 
conviction that this kind of system made 
special demands upon room layout and 
decor. 

But that wasn’t by any means the 
ultimate in consumer orientated evaluation. 

Remember the recent Heathkit metal 
locator? One of our staff members used it to 
trace pipes and wires around his home, 
preparatory to renovations, then handed it 
over to a couple of teenage sons to survey 
local surfing beaches. They unearthed large 
numbers of bottle tops and quite a few coins 
— and thoroughly enjoyed themselves in the 
process! 

Yes, the metal locator worked well. 

With the Heathkit depth finder we went 
one better again. We arranged for Greg 
Swain, who put the kit together, to install it 
on staff member Bob Flynn’s boat. The two 
of them spent most of a calm sunny day 
looking for shoals and fish in Broken Bay. 
But, of course, they were under strict in¬ 
structions: being a job of work, they were 
not to enjoy themselves! 

So there you have it — our approach to 
evaluating products: a combination of 
group reaction, instrumentation and 
evaluation in a user situation. ® 

oc 
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News Hishlishts 



Wrist "computer" shows decompression stops 



Two scientists at the General Electric 
Research and Development Center in 
Schenectady, New York have invented a 
unique “wrist computer” that helps under¬ 
water divers to avoid the “bends” or 
decompression sickness. The new device 
automatically indicates to the diver the 
depths at which decompression stops 
must be made whilst surfacing, and makes 
obsolete the inaccurate meters currently 
used by divers and the need to memorise 
lengthy mathematical tables. 

The stop-and-pause procedure is stan¬ 
dard practice for all deep water divers. It 
permits body tissues to get rid of the 
nitrogen absorbed when divers breathe 
high-pressure air. This action wards off the 
bends — the formation of nitrogen bubbles 
in the bloodstream that causes intense pain 
and often cripples the body. 

The handmade prototype now shared by 
its inventors, Dr Borom and Dr Jonson, is 
about two inches high by two and three 
quarter inches in diameter. The GE in¬ 
ventors believe, however, that additional 
design will reduce the size of the production 
model by half, and they estimate a produc¬ 
tion model could be made to sell com¬ 
petitively for about $100. 

Heart of the new GE “computer” is a 
wispy-thin silicone rubber membrane that 
allows air to pass through at controlled 
rates. The membrane material — 
developed by GE scientists about ten years 
ago — simulates the action of a diver’s body 
tissues in absorbing and releasing nitrogen. 

Diffusion models of body tissue behaviour 
during deep dives were first calculated 
some 20 years ago by US Navy underwater 
physiologists. The results have been printed 
in tabular form and are now widely used by 
scuba divers while planning underwater 
outings. However, the Navy tables are 
limited to specific depths and durations, 
with only 162 possible dives precisely 
scheduled. 

“This is where our underwater computer 
really shines,” say the inventors. “It 
calculates decompression schedules con¬ 
tinuously over variations in both depth and 
time, and enables divers to stay down 
longer and spend less time in decompres¬ 
sion,” they explain. 

Briefly, the system functions as follows. 
An air pocket inside of the “wrist com¬ 
puter” is separated from the surrounding 
water by a rubber bladder. Air pressure in 
the pocket is the same as the outside water. 
As water pressure increases, the air is 
forced against special silicone rubber 
membranes stretched across four different¬ 
sized air chambers, and diffuses through. 
Each chamber simulates the different ab¬ 
sorption rates of various body tissues such 
as those found in muscle, fat or cartilage. 


The “computer” automatically measures 
the air pressure inside each of the four 
chambers, and registers the highest 
pressure on its dial face. This action in¬ 
dicates the decompression schedule, and is 
controlled by tiny pressure-activated 
switches. 

The dial face shows depths ranging from 
zero to 50 feet. As the diver ascends from a 
steep dive, the dial indicates the depth at 


which the first decompression stop should 
be made. For example, if the dial indicates 
that the first stop should be at the 40 foot 
level, the needle would remain at that mark 
until the gas in the controlling body tissue 
chamber decreases in pressure, thus 
informing the diver to rise to the next 
shallower depth. This procedure is repeated 
until the surface is reached. 

—George E. Toles 


RCA todevelop laser tracking system 


RCA Corporation recently announced that 
it is to design and build a new laser tracking 
system to provide NASA with more precise 
charting of its orbiting spacecraft. The 
system, which is being developed under a 
contract valued at nearly $US400,000 will be 
used specifically by NASA for more ac¬ 
curate tracking of the GEOS-C geodetic 
satellite. 

Called the Laser Range Tracking System 
(LRTS), the device will be integrated with 
an AN/FPQ-6 radar system at NASA’s 


Wallops Station in Virginia. In operation, 
the radar will acquire and track the target, 
provide range designation to the Laser 
Range Subsystem, and automatically aim 
the laser at the target. The laser then 
transmits pulsed light energy in a narrow 
beam at the spacecraft. Retroreflectors 
mounted on the spacecraft return the laser 
signal to the LRTS, where it is received 
through the collection optics and fed to a 
signal processor and range subsystem to 
determine the exact range of the satellite. 
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Motorola 
sells Stateside 

Against a background of a softening US 
market for television receivers and a 1973 
operating loss in their consumer products 
division, Motorola Inc have decided to sell 
the whole of their Stateside TV manufac¬ 
turing and marketing operation to Japan’s 
Matsushita Electric. 

Under a deal, which has yet to be ap¬ 
proved by the boards of the two companies, 
Matsushita will take over Motorola’s 
manufacturing facilities in Franklin Park, 
Pontiac, and Quincy, Illinois, and Toronto, 
Ontario. Motorola are expected to retain 
their Taiwan TV plant, but convert it for the 
manufacture of other products. 

Matsushita will continue to use 
Motorola’s Quasar brand name, and will 
carry on marketing its own Panasonic TV 
sets in the US. The two brands should give 
the Japanese company third place in the US 
market, after Zenith and RCA, with a 
market share of around 9pc. 

The deal must be reckoned a considerable 
coup for Matsushita. Ever since the dollar 
revaluation, Japanesesetmakers have been 
wrestling with increasingly difficult con¬ 
ditions in the US — their major export 
market for television receivers. As a result, 
several of the Japanese TV giants have set 
up manufacturing or assembly plants in 
Mexico, Canada, or in the US itself. Mat¬ 
sushita, at one stroke, will acquire 
manufacturing facilities and an established 
distributor and dealer network as a going 
concern. 


Rocket launches 
probe weather patterns 

A record series of 79 rocket launches from 
8 sites in the western hemisphere have been 
completed as part of a program to deter¬ 
mine daily variations in temperature and 
wind conditions in the upper atmosphere at 
the time of the spring equinox. 

The launches, made at regular intervals 
over a twenty-four hour period beginning at 
12:05pm Eastern Daylight Time on March 
19, were made from locations in North, 
Central and South America, the Caribbean 
Sea, and the Atlantic Ocean. 

Single-stage Loki and Super Loki rockets 
carried meteorological instruments to 
heights of about 70 kilometres (40 miles). 
The payloads were then ejected and 
returned to earth on parachutes. As the 
instruments descended, atmospheric 
temperature readings were telemetered to 
ground receiving stations. At the same 
time, radar tracked the parachutes to 
reveal wind conditions in the upper at¬ 
mosphere. 

Four of the launch sites — Mar Chiquita, 
Argentina; Natal, Brazil; Kourou, French 
Guiana; and Wallops Island, Virginia — are 
part of the Experimental Inter-American 
Meteorological Rocket Network. 

The other four sites — Ascension Island; 
Fort Sherman, Canal Zone; Antigua, 
British West Indies; and Fort Churchill, 
Canada — are in the US Cooperative 
Meteorological Rocket Network. 

The series of launches is expected to bring 
scientists a better understanding of upper 
atmospheric circulation and temperature 
patterns. 


Swift changeover to 

Mr Ken Stone, General Manger of Syd¬ 
ney’s ATN Channel 7, recently predicted a 
rapid acceptance of colour TV by the 
general viewing public when the service 
begins on March 1 next year. He believes 
that this country, because of its high 
standard of living, is one of the most 
favourably situated in the world for the 
inauguration of a colour television service. 

“There is a large amount of colour TV 
programming available, which viewers will 
be able to see ‘au naturel’ from C-Day 1,” he 
said. “And stations will be transmitting 
substantially in colour from that date.” In 
an observation on local news filing, he 
argued: “If we are going to send a news 
cameraman 15 miles or so to cover news 
with an expensive camera, there is no sense 
in not loading that camera with colour 


colour predicted 

film.” 

Television stations right across Australia 
will be switching dramatically to colour c: 
March 1, 1975. “As far as I can see,” Mr 
Stone noted, “no television station is 
prepared to be left behind in the colour race, 
even the smallest. When you look at the 
program schedules of any TV station you 
can see immediately the vast amount of 
colour programming that is going to be 
telecast.” He predicts that the demand for 
colour TV receivers will be such that they 
will be in short supply for a long time. “With 
our favourable wage and economic 
structure, and with colour starting 
nationally throughout 48 stations at the 
same time, there is bound to be an un¬ 
fulfilled clamour for sets in Australia,” Mr 
Stone forecasts. 


Balloon borne 
X-ray telescope 

After two and a half years of research and 
development, a team of British' scientists 
are to continue their investigations of 
“black holes” in space by examining them 
through an X-ray telescope borne aloft by a 
balloon. 

Black holes are regions where the 
gravitational effect of systems that have 
collapsed in on themselves is strong enough 
to prevent light escaping. These areas of 
extreme gravitational attraction are often 
the source of X-ray emissions, resulting in 
the birth of a comparatively new science 
known as X-ray astronomy. 

The one and a half ton telescope will be 
launched from the Center for Atmospheric 
Research at Palestine, Texas, later this 
year for a six-hour observation of the star 



Cygnus, believed to be a typical black hole 
in space, and many hundreds of light years 
away. The balloon, which is some 107 
metres in diameter, is designed to rise to a 
height of approximately 25 miles. At the end 
of the six hours of radio controlled observa¬ 
tion, the telescope will be returned to earth 
via parachute. 


Superconductivity 
temperature high 

For some years, scientists' have been 
experimenting with materials to see if 
superconducting temperatures can be 
raised to the point where it becomes 
economically practical to develop super¬ 
conducting power distribution and elec¬ 
tronic systems. Superconducting tempera¬ 
tures have been pushed upward degree by 
degree in the past few years as scientists 
investigated new materials, and a new 
record high of 23.2 degrees K (-418 degrees 
F) has recently been recorded at Bell 
Laboratories. 

Previous to this, John Gavaler of 
Westinghouse Research Laboratories 
succeeded in raising the critical tem¬ 
perature for superconductivity in niobium- 
germanium alloys to 22.3 degrees K (— 
419.56 degrees F). This broke the previous 
record of 20.98 K set earlier by Bell Labs. 
Gavaler’s report led to the new work by L. 
R. Testardi, J. H. Wernick and W. A. Royer 
which set the current record. 

Both Gavaler and the Bell Laboratories 
scientists achieved their results in thin 
films of an alloy of niobium and ger¬ 
manium, just a thousand atoms thick. To 
make the material into a thin film the 
scientists blasted a piece of niobium- 
germanium alloy with argon gas, dislodging 
some of the elements whiqh then recom¬ 



bined as a thin film on a heated sapphire 
strip. 

In earlier work at Bell Laboratories it was 
found that this technique, called “sputter¬ 
ing,” could be used to create atomic 
arrangements different from those normally 
taken up. under equilibrium conditions. 
Sputtering can “freeze” the material as it is 
about to change from one atomic structural 
arrangement to another. Furthermore, it 
was found that higher than usual super¬ 
conducting temperatures in various 
materials could often be associated with 
these frozen-in atomic arrangements. 
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3,500 VOLT ISOLATION 

100% CURRENT TRANSFER 
OPTO COUPLER 


HOW GENERAL ELECTRIC DOES IT 


General Electric’s unique glass isolation produ¬ 
ces precise alignment and controlled spacing 
between the LED and the silicon detector thus 
optimizing photon coupling.. .minimizing the 
effect of the inverse relationship of isolation 
voltage and current transfer ratio.. .and yield¬ 
ing optoelectronic couplers with BOTH high 
isolation voltage and high current transfer 
ratios. 


3 new models 4N35, 36, 37 are characterized 
for high isolation voltage and high current 
transfer ratios. 4N35 offers 3,500 volts (peak) 
and 100% transfer ratio. 


AUSTRALIAN GENERAL ELECTRIC LTD. 

86-90 BAY STREET, ULTIMO. PHONE 212-3711 



Watkin Wynne Pty. Ltd., 32 Falcon St., Crows Nest. Tel:43-2107 
GEC-Elliott Automation Pty. Ltd., Adel: 71-7971, Melb: 387-2811, 
Syd: 439-1922, Bris: 32-0441. 

H. Rowe & Co. Pty. Ltd., Perth - 28-5444. 

PB Components, Melbourne 53-2766. 

The National Electrical & Engineering Co. Ltd., Wellington 553-709, 
Auckland 599-089. 
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NEWS HIGHLIGHTS 


Electronic blackboard uses phone lines 



SLHCK50 A&D 


An experimental system capable of 
transmitting blackboard writing via 
telephone lines for display on a TV screen at 
distant locations is currently undergoing 
trials at the University of Illinois. 

Called an electronic blackboard, the 
system was devised by Bell Laboratories, 
the research and development unit of the 
Beil Telephone System. A major advantage 
of the new system is that it is far less costly 
than closed circuit television, the only other 
comparable system transmitting both audio 
and visual information instanteously. 

The University of Illinois is using the 
electronic blackboard to transmit engineer¬ 
ing classes conducted at its campus in 
Champaign-Urbana to off-campus locations 
in Freeport, Rock Island, Peoria and Rock¬ 
ford. 'Hie technical trials are being co- 


High speed 
cassette copier 

Philips Industries have released an audio 
cassette tape copier which can 
automatically duplicate tapes from the 
original in less than one thirtieth of the 
cassette’s normal running time. 

The cassette copier, manufactured by the 
Telex Corporation, USA, is designed for 
simple straightforward operation and can 
be used by untrained personnel. The 
original cassette is simply inserted into the 
copier, automatically turning it on. A blank 
or used cassette is then placed in the 
recording compartment and the rewind 
button pressed to ensure copying from the 
beginning of the tape. A track selector 
allows selection of track one or two, or both. 
The copy button is then pushed, allowing a 
30-minute cassette to be duplicated in less 
than one minute. 

The Telex cassette copier automatically 
erases old material on selected channels, 
has a fully automatic rewind, end-of-tape 


ordinated by Bell Labs and Illinois Bell 
Telephone Company with the university’s 
co-operation. 

To transmit handwriting and other in¬ 
formation such as graphs or drawings, the 
instructor writes on the pressure-sensititive 
surface with chalk as if he were writing on 
an ordinary blackboard. The handwriting 
motions are converted to electronic signals 
and transmitted over the telephone line. At 
the receiving end, the signals are recon¬ 
verted and displayed on a TV screen. 

The audio portion of the lecture is carried 
over a second telephone line, via a portable 
conference telephone already offered 
commercially and in wide use by Bell 
System customers. The conference 
telephone features hands-free operation, a 
built-in loudspeaker, and facilities for two- 
way conversation between groups of people. 



and faulty cassette sensing, and automatic 
shut-off when the original cassette is 
removed. Circuitry in the unit is solid state 
and it occupies about as much desk-top 
space as a standard typewriter. Add-on 
facilities are available to make up to four 
more copies simultaneously. 

Mr Rod Craig, Marketing Manager of 
Philips Vision and Sound which distributes 
the Telex copiers, said that they would find 
wide application in education, business and 
in the computer industry. 


Self-convergent 
110 deg colour TV tube 

A new colour television display system for 
26in, 22in, and 18in screen sizes with UOdeg 
deflection has recently been announced by 
the Philips Company. The principal feature 
of the new system is inherent self¬ 
convergence, the only dynamic corrections 
being to balance out small production 
tolerances. 

Known as the 20AX system, the 
development is the result of a principle 
established some years ago in the Philips 
Research Laboratories. The new system 
uses a colour tube which produces 3 beams 
horizontally in-line to excite three vertical 
colour phosphor stripes selected by means 
of a vertically slotted mask. A standard 
neck diameter of 36.5mm enables the 
electron guns to be positioned for optimum 
colour purity, and the same quick heating 
cathodes which Philips introduced last year 
are used. 

The practical realist, tion of a fully self 
converging deflection system for large 
screen sizes became prssible with the ex¬ 
perience gained by Philips in production of 
the multi-section sadcle yoke which has 
been used by European setmakers since 
1971 for second genera on 110° colour. It is 
expected that the new Philips system will 
gradually appear in n=w model European 
TV receivers to be introduced to the market 
'in the second half of 1!I75. 


US to construct 
giant radio telescope 

A $US76 million project to construct the 
world’s largest and most sophisticated 
radio astronomy telescope has been ap¬ 
proved by the US Government. The site 
chosen for the new facility, which will in¬ 
corporate an entirely new concept in radio 
telescopes, is an ancient lake bed in the 
Plains of San Augustin, New Mexico, some 
7,000ft in elevation. 

The project, funded by the National 
Science Foundation and known as the Very 
Large Array, is scheduled to be completed 
in 1981. It will consist of five centrally 
located buildings and 27 dish-shaped radio 
telescope antennas, each 82 feet in diameter 
and 92 feet high and capable of being moved 
to any of the 100 observing stations along a 
37-mile double-track railway system laid 
out in the form of a “Y”. 

The facility is designed to provide the 
most sensitive equipment available in the 
world, with high speed manoeuvrability and 
high resolution. It is expected to furnish 
major contributions to our understanding of 
the laws of gravity, magnetic fields, the 
nature of energy-emitting gases between 
the stars, and the origin and evolution of the 
universe. 

E-Systems Inc, based in Dallas, has 
started constructing the huge antennas. It 
was awarded the $US17 million contract to 
undertake this first phase of the project, 
which is being managed by Associated 
Universities, Inc of Upton, Long Island, a 
non-profit consortium of nine Eastern 
universities — namely Harvard, Yale, 
Princeton, Columbia, Cornell and Johns 
Hopkins Universities, the Massachusetts 
Institute of Technology, and the Univer¬ 
sities of Pennsylvania and Rochester. 

—George E. Toles. 
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Australia's 
radio pioneers — 2 


Realising the strategic value of radio, and as a direct result of the First World 
War, Australia entered the early 1920's determined to build up an independent 
radio communications industry. In this, the second of four articles, the author 
discusses the role played by Australia's radio industry during the First World 
War, and examines the first steps to establish an independent global outreach. 

by PHILIP GEEVES* 


Australia had enjoyed her newly-won 
nationhood for little more than a decade 
when, in August 1914, she was suddenly 
plunged into a world war. Among the 
“urgent imperial services” asked of 
Australia by Great Britain was the task of 
silencing the powerful radio stations in 
Germany’s Pacific colonies, including New 
Guinea, which were capable of relaying 
instructions to naval raiders. At minimal 
notice, Australia mustered wireless 
operators and equipment for island out¬ 
posts, installed a station at Sydney’s 
Garden Island naval base in four days, and 
set up monitoring posts. This proud chapter 
of our wireless history deserves to be better 
known. 

At the outbreak of war the Postmaster- 
General’s Department was operating some 
twenty coastal wireless telegraphy stations 
around Australia. Apart from the two 25kW 
quenched spark Telefunken stations at 
Pennant Hills and Applecross, all the others 
were 5kW transmitters designed by the 
Commonwealth “wireless expert,” J. G. 
Balsillie, and manufactured by the 

♦Fellow of the Royal Australian Historical 
Society. 


Maritime Wireless Company, the corporate 
offspring of Father Shaw’s Randwick work¬ 
shop. A special feature of Balsillie’s spark 
discharger was that one electrode was 
shaped like a nozzle, through which air 
under pressure was blown. By preventing 
arcing at the spark gap, the system 
produced clear and easily readable Morse. 

At that time most radio amateurs — of¬ 
ficially “experimenters” — maintained 
receiving stations. Only a minority had the 
requisite knowledge and affluence to own a 
transmitter, as wireless components were 
both scarce and expensive. Indeed, most of 
the advanced amateurs lived in what were 
then the “establishment” suburbs. The first 
impact of the war on the experimental 
fraternity was a directive to dismantle their 
equipment and deliver it to the nearest post 
office for impounding. By May 1915 more 
than 400 licensed and 200 unlicensed experi¬ 
mental stations had been dismantled. It was 
not until long after the Armistice that 
amateurs were belatedly freed from 
wartime restrictions and again permitted to 
pursue their hobby. By that time radio 
telephony was already well advanced and, 
consequently, its novelty soon captivated 
Australia’s experimepters whose ranks had 


been swollen by an influx of ex-servicemen 
with wireless experience. 

Quite early in the war it became apparent 
that the management of radio was creating 
intense rivalry in official circles. The Navy 
considered that it should have overall 
control of wartime wireless and when a Post 
Office operator unwittingly transmitted an 
uncoded message concerning a troop 
convoy, this security breach became a 
cause celebre. During the latter half of 1915, 
following Australia’s numbing losses at 
Gallipoli, control of wireless telegraphy 
throughout the nation passed progressively 
to the Navy. A year later, with the intention 
of giving governmental wireless its own 
manufacturing facilities, the Common¬ 
wealth purchased Father Shaw’s en¬ 
terprise, the Maritime Wireless Company, 
for £55,000. Father Shaw died suddenly in 
curious circumstances shortly after the 
money was paid over. A subsequent Royal 
Commission was extremely critical of the 
whole transaction and resulted in the 
dismissal of a former Navy Minister and the 
resignation of a senator, who admitted 
receiving money from Father Shaw. The 
Navy’s venture into wireless administration 
had been something less than auspicious. 

Australia’s only direct links with the 
great centres of world power were sub¬ 
marine cables, and destruction of these 
cables by an enemy raider could have 
isolated the Australian continent. The 
Marconi Company had proposed the estab¬ 
lishment of an “Empire Wireless Chain” 
before the war, but indecision on the part of 
the British Government had caused the 
scheme to lapse. During the early part of 
the war. Australia’s coastal stations at 









speed Morse from Melbourne. 


Pennant Hills, Applecross and Townsville 
were equipped with valve receivers for the 
first time, thus making possible the inter¬ 
ception of European transmissions, 
especially from the powerful German 
station at Nauen, near Berlin. German 
propaganda messages were copied daily in 
Australia. 

In 1916, while on a visit to England, Er¬ 
nest Fisk arranged for a series of test trans¬ 
missions from the Marconi long wave 
(14,000 metres) transatlantic station at 
Caernarvon, Wales. Returning to Australia, 
Fisk obtained official sanction to use a 
receiver at his Pymble, NSW, residence, 
and subsequently at his Wahroonga 
residence. He succeeded in receiving 
Caernarvon with a ten valve set employing 
plate potentials in excess of 300 volts 
although, as he later wrote, “at that time it 
was generally considered that no more than 
three valves could be used in cascade.” 

After months of experiments, with in¬ 
creasingly better results, Fisk arranged for 
Caernarvon to transmit special messages 
addressed to Australia by Prime Minister 
“Billy” Hughes and Navy Minister Sir 
Joseph, Cook, who had just returned to 
London from the battlefront. That historic 
exchange of messages in September 1918 
established the practicability of direct 
wireless communication between Australia 
and Britain. The achievement also made a 
profound impression on Hughes, who was 
later responsible for Australia’s decision to 
create her own global outreach. 

At the Imperial Conference of 1921 
Hughes informed Britain, with characteris¬ 
tic vigour, that Australia was not prepared 
to settle for anything less than a direct wire¬ 
less link with England. Rejecting a plan 
submitted by a prestigious British com¬ 
mittee for a relay scheme, which would 
have left Australia dangling at the end of a 
fragile radio chain passing through coun¬ 
tries of dubious stability, the Common¬ 
wealth Government commissioned 
Amalgamated Wireless to set up a direct 
service to England and, as an expression of 
faith in the future of radio, acquired a major 
equity in the company, a partnership that 
endured for almost thirty years. That same 
1922 agreement empowered AWA to take 
over the operation of coastal radio stations. 

At that time, the prevailing technique for 
long distance transmission was essentially 


a combination of high power and long wave¬ 
lengths. The super station planned for Aus¬ 
tralia’s transocean service was to have 
been of 1,000 kilowatts, with a huge antenna 
system supported on twenty steel masts, 
each 800ft high. The capital cost of such a 
station was considerable and, as Marconi 
veterans still recall, the atmosphere around 
these stations was rather eerie; birds or 
cats seldom ventured near a high power 
station, where the air fairly crackled with 
radio frequency during transmission. 

To obtain reliable data on reception from 
Europe, AWA established an experimental 
monitoring station at Koo-wee-rup, Vic¬ 
toria, in 1921. A puzzling phenomenon soon 
became apparent. Two daily reception 
peaks were noted, but the reason was not 
understood until a rotatable loop aerial 
revealed that signals from European 
stations were following the great circle 
route of maximum darkness. This was 
confirmed independently by two Marconi 
engineers who visited Koo-wee-rup in 1922. 
Later that year, AWA outfitted a Ford van 
as a mobile laboratory to explore possible 
sites in New South Wales for the proposed 


high power station. Locations examined 
included Campbelltown, Mulgoa, Mount 
Victoria, Richmond, Singleton and Mait¬ 
land. Results obtained were very similar, 
but slightly inferior, to those at Koo-wee- 
rup. 

As these field investigations were 
proceeding, no one in Australia suspected 
that the future course of global communica¬ 
tion would soon be decided by Marconi’s 
renewed interest in the behaviour of short 
waves. Marconi himself was surprised at 
the distances achieved by short wave trans¬ 
missions when his principal assistants, 
Franklin and Round, succeeded in design¬ 
ing transmitters using thermionic valves 
and special reflector antennas at wave¬ 
lengths below one hundred metres. For 
obvious reasons, these Marconi discoveries 
were kept “under wraps,” so it was with 
considerable astonishment that in February 
1924 AWA engineers read a cable from 
Marconi asking them to listen on 90 metres 
fora station in Cornwall, call sign 2YT. That 
message was to become the death sentence 
of Australia’s planned transocean wireless 
service and of Britain’s entire scheme for a 
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long wave relay chain. 

There was not a set in Australia capable 
of receiving ninety metres, so AWA built 
two immediately, installing them at 
Willoughby and Vaucluse. One of the 
engineers involved, Eric Burbury, recalls 
... “to our surprise, at 5.30 the following 
morning signals were received at good 
strength and reported by telegram to the 
Marconi Company.” That was just the 
beginning. A whole series of tests ensued, 
employing various wavelengths: 25 metres 
gave the best all round performance. 

The results were so impressive that in 
May 1924 Marconi decided to try short wave 
telephony to Australia. This experiment 
was also successful, good quality speech 
being received at Sydney direct from 
Poldhu, Cornwall. The word “beam” ap¬ 
peared increasingly in press accounts of 
Marconi’s experiments and the bemused 
public sensed the attainment of yet another 
technological landmark. Popular writers 
described beam wireless as “a narrow 
ribbon of energy girdling the earth like an 
invisible searchlight.” 

Yet the discovery of beam propagation 
created a fine dilemma for the Marconi 
Company, as well as for the governments 
with which it was dealing. The beam was 
still experimental, so no one could really be 
sure that the results obtained were not 
merely freakish propagation effects. In 
Australia, a veteran Marconi engineer, 
Harold Drake Richmond, was already 
busy on preparatory work for the long wave 
station, but the beam breakthrough put the 
expensive high power scheme into 
abeyance. After some agonising soul- 
searching, the crucial decision was made in 
favour of the short wave beam system. 
Victoria became Australia’s beam wireless 
centre, with the transmitting station near 
Ballan and the receiving station at Rock- 
bank. 

The service to England was inaugurated 
in April 1927. The result was a triumph and 
the beam rapidly became the world’s 
trusted messenger. Indeed, its speed and 
economy soon created a serious situation 
for the cable companies, but that is another 
story altogether. 

1927 proved to be a vintage year for 
Australia’s growing international outreach. 
In September, AWA’s 20kW experimental 
short wave (28.5 metres) transmitter at 
Pennant Hills launched Empire broadcast¬ 
ing with an ambitious presentation by 
Australian artists and notables. The 
program was intercepted by the BBC and 
re-broadcast to millions throughout Britain. 
Before the year ended, a total of five global 
programs had been transmitted in this way, 
and Australia’s characteristic accent, as 
well as the kookaburra’s laugh, were 
familiar in many countries long before the 
BBC established Empire broadcasting. 
Much of the credit for VK2ME’s successes 
belongs to veteran AWA engineer, S.M. 
Newman, who still lives in Sydney. 

Following the spectacular success of 
beam wireless, it was inevitable that inter¬ 
national duplex telephony would be the next 
refinement, and after considerable experi¬ 
mentation it became a reality for Australia 
in 1928. VK2ME, the powerful “maid-of-all 
work,” was again pressed into service. On 


Pictured above is A WA engineer Sydney Newman at the A WA transmitting facility. Pennant 
Hills, 1928. Below is a reproduction of one of the first movie frames transmitted to England 
in 1934, showing victorious airmen Scott and Black with aviatrix Jean Batten. 


October 31,1928, a select group of VIPs and 
pressmen gathered at AWA’s Sydney office 
to exchange greetings with confreres in 
other countries, merely by speaking into a 
domestic telephone. And although male 
voices dominated those tests, it should be 
mentioned that Mrs Albert Deane, the 
American wife of an Australian-born film 
executive, had the distinction of being the 
first woman in the United States to converse 
with Australia by radio telephone. The 
regular radiophone service to England was 
opened with due ceremony on April 30,1930. 

The next logical step was a facsimile 
service, a facility with many applications, 
including news photographs, cartoons, 
fashion sketches and fingerprints. The first 
experimental essays in the genre shuttled 
between England and Australia in 1929, but 


it was not until October 1934 that AWA 
opened a fully fledged picturegram service. 
Among the earliest transmissions were 
prints of movie frames from the newsreel 
coverage of an England-Australia air race. 
In London, these radio pictures were 
reconverted to movie film and screened in 
British cinemas the next day. 

This article has merely established the 
guide posts for Australia’s early overseas 
radio outreach. It should be added that not a 
little of the public pressure for improved 
communications stemmed from a vocal 
lobby of radio amateurs and pioneer broad¬ 
casters, to whom only passing reference has 
been made. Our next article will highlight 
the sterling work of Australia’s amateurs 
during the 1920s, as well as sketching the 
origins of our broadcasting system. ® 
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Man-portable radar 
for personnel detection 


Intruder detection is one advanced field of modern electronics that is currently 
receiving a lot of attention. Characteristic of this trend, and the trend towards 
miniaturisation, is a new portable radar system developed by the Marconi 
Company. Weighing only 11.5 kg, the new radar is designed to be carried and 
operated by one man. 

by A. C. PRIOR*and K. A. J. WARREN** 


There are many different situations 
where an intruder must be detected by a 
patrol or security guard under conditions in 
which his normal visual or aural facilities 
are obscured by, for example, fog, smoke, 
darkness or noise. Various aids are 
available for use in such conditions — in¬ 
cluding image intensifying devices, thermal 
imaging and radar. One such radar of 
advanced design is capable of being carried 
and operated by one man to provide an all- 
weather detection and ranging capability 
against moving targets. 

The complete equipment is shown in 
Figure 1. It consists of a radar transmitter- 
receiver with an integral flat antenna array 
mounted on a tripod with a battery 
suspended beneath. Moving targets are 
detected by listening on headphones for 
their Doppler frequency, and are 
recognised and identified from charac¬ 
teristic noises in the headphones. The range 
of a moving target is indicated by direct 
readings from illuminated scales on the 
transmitter-receiver, after a ranging 
control has been adjusted for maximum 
signal strength. 

When operated in the patrol mode, the 
transmitter-receiver is mounted on the 
operator’s chest and the battery carried in a 
pouch on his back. The tripod can be folded 
for transport on a patrol’s shoulders in a 
military application. To minimise physical 
fatigue, the all-up weight of the equipment 
has been restricted to 11.5 kg, including a 
primary power supply which is adequate for 
overnight operations. 

It was realised very early in the 
development of the system that the 
ruggedness of the equipment must not be 
compromised by the very stringent weight 
requirement. In a military application, 
survival under forward-area conditions is 
essential; accordingly the design 
philosophy has been based on the premise 
that such cpmpact lightweight equipment 
would be treated with less care than bulkier 
earlier counterparts. 

The transmitter-receiver container is 
vacuum formed from superplastic zinc- 
alloy, giving a seamless unit of great 


* Marconi Radar Systems Ltd, Chelmsford, 
England. 

**The Marconi Company Ltd, Chelmsford, 
England. 


strength combined with low weight, high 
rigidity and resistance to impact. The 
antenna array attached to the front of the 
case is covered with a radome of sandwich 
construction of sufficient strength to 
withstand impacts while cushioning their 
effect on the array below. The outer skin is 
scuff-proof and virtually immune from 
water absorption. 

The radar employs FMCW (frequency 
modulated carrier wave) and pulse 
modulation of the transmitted signals for 
the purposes of searching for a moving 
target and finding the range of that target. 
Use of different modulation patterns 
enables the radar to function efficiently as 
regards power consumption from the 
battery, and in this particular case a 
minimum of eight hours’ radar operation is 
possible between battery changes. 

The radar performance when searching 
for a target moving'in the vicinity of clutter 
is slightly worse compared with those 
systems involving a search through the 
radar detection range with a single gate or a 
bank of gates. However, the increased 
battery life compared with the more 
sophisticated systems far outweighs this 
loss in performance. 

The antenna takes the form of a planar 
array consisting of a number of vertical 
stripline linear arrays energised by a 
tapped transmission line power divider. 
Such an array offers a very convenient 
means of production by etching techniques 
and is both lightweight and rugged. The 
nature of the stripline substrate ensures a 
high degree of resistance to crushing and 
only a simple radome is necessary to 
protect the radiating surface from super¬ 
ficial damage. The array is curved such 
that the plane containing the radiating 
elements lies on a constant radius of cur¬ 
vature. 

Considerable attention has been paid 
throughout the development of the radar to 
the ergonomic aspects of its use, especially 
in the patrol mode. The load of the radar 
transmitter-receiver and the battery 
package is equally divided between the 
operator’s chest and back, and is prevented 
from moving relative to his body by a 
special-purpose carrying harness. This 
split-load concept minimises operator 
fatigue when the equipment is carried for a 
long period. The radar transmitter-receiver 
interface to the carrying harness is 



Figure 1: the complete unit, pictured 
mounted in the tripod mode, is lightweight 
and portable. 

designed for quick release so that in the 
military application the operator can move 
rapidly into cover, removing the radar from 
his chest for use in an exposed position if 
necessary. 

Choice of headset for the radar has been 
dictated primarily by the need to detect the 
Doppler returns from low-speed targets, 
requiring a usable response at frequencies 
down to about 50 Hz. Bass boost is used in 
the audio amplifiers to ensure a sensibly 
flat overall frequency response from phase 
detector output to the aural nerve of the 
operator. The chosen headset will fit under 
many designs of helmet so that the operator 
is still able to retain protection from close- 
range attack, and two acoustic valves are 
provided so that he need not be isolated 
from his surroundings. In military ap¬ 
plications, these valves provide protection 
for the user’s eardrums against nearby 
gunfire, even when open. 

The needs of military applications have 
governed the design df the tripod. Lightness 
and strength are essential, as is the need to 
deploy the tripod quickly and silently under 
cover of darkness on rough or sloping 
terrain. As a result a very stiff design has 
been produced, the length and angle of each 
tripod leg being independently adjustable 
for maximum flexibility of use. 

The radar is designed to operate on any of 
the standard of secondary batteries from 
the 24 V series designed for the Clansman 
series of radios. This allows maximum 
choice of power supply in a tactical en¬ 
vironment. ® 
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Digital television: 
the way to the future? 


Although not without their difficulties, digital television systems offer con¬ 
siderable advantages over conventional analog systems; advantages in terms 
of distortion, video noise, signal recoverability, and signal processing. This 
article discusses these advantages and examines the future applications of 
digital television systems. 

by C. W. REIS* 


11 does not seem so very long ago — a year 
or two at the most — when usage of the word 
“digital” and all that it implies was mainly 
the prerogative of the computer engineer. 
Within the realm of broadcasting it was 
unlikely to be used outside the development 
laboratory. But now, certainly so far as 
television is concerned, it has suddenly 
become the “in” word and assumed a new 
importance. 

One might well ask why and how this has 
come about. Present television systems in 
the United Kingdom, and elsewhere, have 
been carefully and skilfully built-up over 
the years using analog methods which are 
now firmly established. Then, providing the 
viewer is so situated that he is able to 
receive a reasonable share of the tran¬ 
smitted signal (not always the case, un¬ 
fortunately) everybody seems reasonably 
happy. So why go digital? Why rock the 
boat? 

The answer of course, is quite simply that 
there are considerable advantages to be 
gained from the use of digital techniques 
which hitherto could not be realised because 
the technology, in the practical sense, is 
only now just becoming available. To un¬ 
derstand how these advantages arise let us 


examine what a digital signal is and how it 
differs from the time-honoured analog 
technique. 

The voltage variations that occur during a 
line of video waveform (Fig 1) are a 
representation of the spatial variations of 
light level that exist along a horizontal line 
in an image of the original scene as it is 
traversed from left to right by the scanning 
beam in the camera (or telecine). The 
essential points to notice are that the 
wanted information has been expressed in 
terms of an absolute voltage level and that 
the correspondence between these two 
entities, light and voltage, is continuous. 
That is to say, in relation to the permitted 
extremes of white level and black level, a 
range of 0.7V in the case of that shown in 
Figure 1, the video signal may be required to 
occupy and maintain throughout its various 
stages of existence any of an infinite 
number of intermediary levels. This implies 
that apart from gamma-correctors, which 
are necessary to correct for distortions 
introduced by camera and display tubes, all 
items of signal handling equipment, be they 
amplifiers, switchers, attenuators, tran¬ 
smitters or whatever, must be designed to 
be as linear and as stable as possible. Any 


departure at all from strict linearity, or any 
drift that occurs once the system has been 
set up, means that some parts of the 
reproduced picture will be portrayed with 
the wrong brightness. This constitutes 
distortion and, in general, once the true 
relative signal has been lost it is lost for 
good. There is no easy way of assessing and 
correcting this error. 

Another problem that has to be reckoned 
with in dealing with voltage dependent 
analog signals is noise. Video noise is a term 
used to include all manner of unwanted 
signals which in different ways become 
added to, and for the most part are in¬ 
separable from, the wanted signal. Other 
things being equal, the limiting factor which 
determines the quality of any signal at the 
end of a transmission path is its signal-to- 
noise ratio. As with non-linear distortion, 
once an analog signal has become con¬ 
taminated with noise there is little or 
nothing one can do about it. 

A digital signal expressed in binary form, 
on the other hand, is not level dependent to 
anything like the same extent. It consists 
basically of a succession of pulses and 
spaces. These pulses are of fixed amplitude 
and therefore such a signal can only occupy 
one or other of two possible levels. This 
follows from the fact that at any given in¬ 
stant in time only two alternative conditions 
can exist — either a pulse is present or there 
is no pulse present. 

In a digital system, the meaningful infor¬ 
mation to be transmitted is contained in the 
arrangement of pulses and spaces. It is the 
order in which they occur that is the key to 
their meaning, just as it is with the dots and 
dashes of the morse code. However, in the 


'■"Independent Broadcasting Authority (IBA) London. 

Reprinted from “Sound and Vision Broadcasting,” published by 
Marconi Communication Systems Limited. 



Fig 1 (above): an analog video waveform. At right is a table listing 
some 8-bit binary numbers. All numbers up to and including 255 may 
be represented in 8-bit binary form. 
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Decimal 

Binary 

1 

00000001 

2 

00000010 

3 

00000011 

4 

00000100 

5 

00000101 

6 

00000110 

7 

00000111 

8 

00001000 

9 

00001001 

10 

00001010 

15 

00001111 

20 

00010100 

25 

00011001 

50 

00110010 

64 

01000000 

114 (64 +/50) 

01110010 

178 (128 + 50) 

10110010 














Fig 2: a digital waveform representing the decimal number 25. In 
8-bit binary notation this is written as 00011001. 


Fig 3: the same waveform as shown in Fig 2, but with more than 
its own amplitude of noise added. 


case of television the range of different light 
levels comprising the original scene are 
represented by another code, the binary 
code. This is a system of numbering based 
on the radix 2 instead of the usual every day 
decimal system based on ten. Only the 
numerals 0 and 1 are available for use in 
binary. These are known as binary digits or 
bits for short, and they can be arranged to 
represent any numerical quantity. Some of 
these are given in the table on page 36 from 
which it will be seen that binary numbers 
are not as compact as their decimal 
equivalents. But, though they are hardly 
suitable for general use, for the purposes of 
our present discussion they have one out¬ 
standing advantage — they can be 
represented directly by a voltage waveform 
in which pulses and spaces respectively 
take the place of the Is and os. By way of 
illustration such a waveform, representing 
the decimal number 25, is shown in Figure 2. 

If then, in a digital system, the equipment 
chains are called upon to deal with signals 
having a type of waveform in which in¬ 
formation exists at precisely two levels only 
we can afford to be less strict with linearity 
requirements. Why make provision for 
information at intermediary levels if it is 
entirely absent there? The sole interest now 
is whether a pulse exists or not and, so long 
as the transition between pulse and no pulse 
can be carried out fast enough, the 
waveform can be handled without fear of 
distortion, other than by noise. What is 
more, should the stability of some of the 
equipment in the chain be such as to allow 
the level of signal to drift somewhat, no 
harm will be done as pulse amplitude is 
unimportant. All that matters is being able 
to recognise the order in which the pulses 
and spaces, the Is and Os, occur and this is 
in no way affected by variations of am¬ 
plitude. 

Noise, of course, will ever be a problem to 
the electronics engineer but here again the 
digital system scores greatly. It is very 
much more tolerant of noise for exactly the 
same reason. In fact, often just by am¬ 
plifying and clipping, the noise on a digital 
signal can be effectively removed. Even 
under extreme conditions where the noise 
amplitude exceeds that of the signal (Fig 3), 
which in the analog case would render it 
quite unusable, so long as the pulses and 
spaces can still be identified with certainty 
it is possible, using a rather more elaborate 
technique, for the complete signal to be 
regenerated and so appear at the end of a 
transmission path virtually without im¬ 
pairment. Furthermore, to avoid 
cumulative effects this can be repeated any 


number of times in succession. 

A digital system is a truly numerical 
system and equipment which handles 
digital information, like calculators 
processing numbers, is precise and 
unambiguous. The situation cannot exist for 
it to work well or badly; either it works, or it 
does not. 

So much for what a digital system has to 
offer. But unfortunately, it is not without its 
problems; there is a debit side to the 
balance sheet. 

It is assumed that, within the foreseeable 
future, signal generation in cameras and 
telecines and the reconstitution of the 
picture image by means of cathode ray 
tubes will remain analog processes. To 
obtain a signal in digital form thus calls for 
an analog-to-digital converter (ADC) and, 
conversely, before a digital signal can be 
displayed on a picture monitor or receiver it 
must be passed through a digital-to-analog 
converter (DAC). The conversion process 
from analog to digital begins by sampling 
the analog signal at a rate compatible with 
the passband of the signal being sampled. 
The well-known theorem by Shannon 
requires that for the UK bandwidth of 
5.5MHz the sampling rate should not be less 
than 11MHz. Preliminary studies by the 
IBA, however, showed that for a colour 
signal it is advantageous if the sampling 
rate be raised to the third harmonic of the 
subcarrier frequency, ie, approximately 
13.3MHz. 

The samples, which at this stage com¬ 
prise a succession of narrow pulses of 
differing amplitudes, are subsequently 
translated into binary form. However, for 
this to take place they must first be quan¬ 
tised. That is to say, they must be rounded 
off to the nearest whole number on an ar¬ 
bitrary scale representing the magnitude of 
the applied signal. Obviously the number of 
quantising levels on this scale is important. 
If there are too few the resulting pictures 
will appear contoured (Fig 4); if there are 
too many we shall be transmitting un¬ 
necessary information. It has been found 
experimentally that something of the order 
of 250 levels is a good compromise. Each 
sample is therefore expressed as an 8-bit 
binary “word” as this is the minimum 
standard word length that can be used for 
writing any number between 0 and 255, as js 
apparent from the table. 

Now for a shock: If the sampling rate is 
13.3MHz and the word length of each sample 
is 8 bits then the channel carrying such a 
signal must be capable of responding to 13.3 
x 8 — 106.4 megabits per second. From this 
the system bandwidth, which should not be 


less than % of the bit rate, amounts in round 
terms to80MHz! This is practically 15 times 
as much as is needed to handle the signal in 
its analog form and certainly takes some of 
the gilt off the gingerbread. However, one 
way of getting round this for a number of 
closed circuit applications, particularly 
within studio centres, is to split the in¬ 
formation into, say, eight separate 13.3MHz 
paths or circuits. In this way the bit rate in 
each path is proportionately reduced. 

About three years ago the Experimental 
and Developmental Department of the 
Independent Broadcasting Authority (IBA), 
recognising the potential benefits to be 
derived from digital technology, started 
working in this field. In the first instance, a 
project was chosen which would enable 
some of the basic digital techniques to be 
tried and tested and at the same time yield a 
result that was likely to compare ad¬ 
vantageously with existing analog equip¬ 
ment. The result was an experimental 
digital field-rate standards converter, 
DICE (Digital Intercontinental Cond- 
versio-’. Equipment), which was suc¬ 
cessfully demonstrated and put into 
operational use towards the end of last year. 
It accepts an American 525-line, 60 field 
NTSC colour signal, and provides an output 
signal on the European standards of 625- 
lines, 50 fields encoded to PAL or SECAM 
colour as required. Eventually the system 
will be made bi-directional (ie also 625/50 
to 525 / 60). 

With regard to system performance, it is 
generally accepted that, ignoring effects 
which arise from the difference in scanning 
standards (line structure and flicker), the 
output is practically indistinguishable from 
the input. Consisting as it does of just two 
slim 19in cubicles, the converter is much 
more compact than any other converter of 
comparable performance and it has only a 
single operational control — the hue control 
for the NTSC input signal. Setting up, 
therefore, really is minimal. And because it 
is virtually a special purpose, custom-built 
digital computer its performance is ab¬ 
solutely consistent. 

The prototype equipment is now in 
regular daily use at the studio centre of 
Independent Television News in London 
where it is playing a valuable part in a 
satisfying global demand for better quality 
in the satellite exchange of programmes 
between countries. It is also available to 
enable taped programs, which are made for 
both American and United Kingdom 
audiences, to be offered at a much higher 
technical picture quality to the home 
market. 
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Everything 
jmtfve ever wanted to know about 
Evereadyrechargeable batteries 
but were afraid to asK 


*Our unabashed coupon will reveal all. 

I Please send me all the details on 

Eveready nickel cadmium rechargeable power cells. I 

-- I 

— I 

_ Postcode _ H 

HM HM HH m HH f 1 ■ 086p ' 339 jjJ| 


I 

I 


You are almost certainly aware that ‘Eveready’ make a 
prodigious range of nickel cadmium rechargeable power cells. 

Each one is completely sealed, utterly reliable and 
exhaustively tested. They come in just about every possible 
shape and size and voltage. 

Along with our magnificent charging units which are 
compact, ruggedly constructed and modestly priced. 

But rather than go on and on bending your ear about 
them in the narrow confines of this advertisement, we’ve 
prepared a brochure bursting with details. And it’s yours, 
absolutely free, in return for the coupon above. 

We’ll forward it to you promptly under plain wrapper 
together with the answers to any thorny problems you may 
have with regard to nicad cells or anything else concerning 
portable power that just may be keeping you awake nights. 

No charge. 


Union Carbide Australia Limited. 

Sydney Consumer Products Division, 157 Liverpool St. 20656. Brisbane 243-253 Edward St. 311391 
Melbourne 505 St. Kilda Rd. 261241, 262332. Adelaide 41-49 Currie St. 516099. Perth 901 Hay St. 212926 




BATTERIES Products of 


'Eveready' & 'Union Carbide’ are registered Trade Marks. 
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Another innovation which has been 
recently given extensive field trials in the 
London region is a means of extending to 
the viewing public a system of data tran¬ 
smission whereby 50 different “pages” of 
written information can be simultaneously 
broadcast along with the normal television 
pictures. Each page can contain up to 22 
lines of 40 characters, or roughly 120 words, 
providing such information as continuous 
accurate time checks, weather forecasts, 
national and local news, stock exchange 
prices, television and radio program in¬ 
formation, advertising announcements, etc. 
These written messages would be selected 
by the viewer for display on his domestic 
UHF television receiver, either in place of 
the normal transmitted picture or 
superimposed on it. The receiver naturally 
needs to be suitably adapted for this use, 
either by means of a separate add-on unit 
or, more cheaply, by an internal 
modification. 

Of course, before such a public data 
service could begin, approval would have to 
be obtained from the Ministry of Posts and 
Telecommunications. However, it is an¬ 
ticipated that once a firm decision is made 
to go ahead, British industry would be able 
to produce suitable adaptor units for use in 
conjunction with currently available black- 
and-white or colour television receivers. 
The price of such adaptors, cannot yet be 
estimated accurately, but is likely to be in 
the range of £35 to £120. 

The IBA’s code word for this new system 
is ORACLE (Optional Reception of An¬ 
nouncements by Coded Line Electronics) — 
and the method of coding is digital. 

The data channel provided in the ex¬ 
perimental equipment is open only during 
the active period of one or more lines within 
the field blanking interval, each period 
being 51.7uS, repeating at the rate of 50 
times per second. It is of course, also 
limited by the same constraints as is the 
video signal with regard to bandwidth etc. 
During each data transmission period of 
51.7uS one segment of text, representing up 
to ten characters (ie one quarter of a line 
of written information), is transmitted 
together with its address code. This address 
indicates to the receiving unit the exact 
position on the screen and for which page 
the information relates. 

At the receiver, the ORACLE adaptor 
separates the data signal from the 
television signal and passes the data, in 
51.7uS “packets,” into an intermediate 
store. The address code is then used to in¬ 


f/a 4 (above): the effects of quantising to eight levels is shown at left and to sixteen levels is 
shown at right. Below is an early NTSC / PAL-SECAM converter. The latest digital converter 
consists of just two slim 19" cubicles. 


sert the information at precisely the right 
moment into the main store where the 
complete page of information is assembled 
and held ready for display. At the studios, it 
is anticipated that the various pages would 
be kept updated by an editorial team 
working in conjunction with a central 
computer to collate the information for 
insertion into the television waveform prior 
to transmission. 

Although the foregoing remarks were 
restricted to television, it must be said that 
sound signals stand to benefit from 
digitisation in exactly the same way. In fact 
the British Broadcasting Corporation have 
done much interesting work on this subject 
and have proposed the system known as 
“Sound in Syncs” whereby the sound ac¬ 
companying a television programme is 
transmitted as a digital signal within the 
line synchronising interval of the video 
waveform. In this manner it becomes in¬ 
tegral with the vision signal and does not 
require a separate channel. 

Such then, in very broad terms, is the 
state of the art at the present time. To what 
extent is it possible to peep into the future? 

It is interesting to note that the Post Of¬ 
fice is reported as having a number of 
different types of digital transmission 
systems under development. These include 


120 megabits per second circuits using 
4.4mm diameter coaxial cable for television 
networks, and an 11GHz microwave 
system. Other long-term developmental 
work includes research into optical fibres 
and millimetre waveguides, both of which 
have very great potential in terms of 
carrying capacity. Back in the studio, one 
important piece of equipment which would 
undoubtedly pay high dividends for being 
digitised is the video tape recorder. A 
digital version would not only be easier to 
operate, but would also make possible the 
production of multiple copies without 
degradation in picture quality. 

It could be argued that-the greatest ad¬ 
vantages of digital technology, with its 
tolerance to waveform distortion and its 
high noise immunity, will only be harvested 
if in some way it becomes possible to retain 
the signal in digital form throughout the 
entire transmission process from camera to 
receiver. The difficulty, obviously, is all 
that bandwidth. 

Perhaps one day, when direct satellite 
broadcasting using the super-high- 
frequency bands has become a reality, 
analog broadcasting methods will be looked 
upon with the same sort of affectionate 
curiosity as is the steam engine today. It is 
an interesting thought, anyway. ® 
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Special offer calculator 
is versatile, easy to use 



As you can see from the advertisement on the opposite page, 
E-A readers are currently being offered the Rodan type 80N 
electronic desk calculator at a special low price, from Plessey 
Professional Components. Having had the opportunity to put a 
sample unit through its paces, we can verify that the calculator 
being offered is particularly versatile and easy to use. 

The Rodan 80N calculator is a fairly 
compact desk calculator, not all that larger 
than one of the miniature pocket types. It 
measures 12.5 x 20.5 x 4.5 cm, and is housed 
in a case of grey shock resistant plastic. 

Being compact rather than miniature, its 
readout display has figures of fairly 
generous size — about 1cm high, which 
improves visibility. The keys are similarly 
of generous size, making them rather more 
suitable for adult male fingers than some of 
the keys on miniature machines. 

Although basically a four-function 
machine, the 80N offers features not often 
found on many machines of this type. It can 
perform chain multiplication and division, 
multiplication and division by a constant, 
and raising to an integral power. It also 
features a fully floating decimal point, an 
automatic underflow system to preserve the 
significant digits if the results of a 
calculation exceed the machine’s capacity, 
suppression of redundant zeroes to reduce 
readout ambiguity, and a system whereby 
the readout “fades out” after about 15 
seconds following an entry or the result of a 
calculation, to extend battery life. In the 
latter case the information is not lost, and 
may be immediately restored merely by a 
touch on the “equals” key. 

The readout display uses seven-segment 
gas discharge tubes, which are easily read 
from a distance of many feet. The 
numerical part of the display is of eight full 


The Rodan 80N electronic 
calculator being offered to 
E-A readers at a special 
price. It offers the four 
arithmetic functions, a 
constant for multi¬ 
plication, division and 
squaring, and an in¬ 
triguing underflow 


digits, with a ninth display tube used to 
indicate negative sign and underflow. 

A particularly attractive feature of the 
80N is its keying syntax — i.e., the order in 
which the keys must be pressed to enter in a 
calculation. With some calculators, this can 
be rather different from the way in which 
one tends to write down the problem, and as 
a result it can take quite a while before one 
gets sufficiently proficient with the machine 
to take full advantage of it. 

In contrast, the keying syntax of the 80N 
calculator is virtually identical with normal 
arithmetic notation, so that there is nothing 
to re learn. For any of the four basic func¬ 
tions one simply keys in the first number, 
then the function key, the second number, 


and finally the equals sign. 

Of course there is a clearing or “C” key 
which must be pressed before starting any 
new calculation, to “wipe the slate clean”. 
And if one is aware of making an error in 
keying in a number, this may be cleared by 
using the “CE” key and keyed in again, 
provided that the number has not actually 
been entered by pressing a function key. 

An example of straightforward addition 
and subtraction should illustrate how 
simple the calculator is in everyday use. 
Below are the input steps and the display 
readoutfor the calculation 1.234 + 5.67 —1.2 
- 5.704: 




Simple multiplication and division are 
carried out in similar fashion. For chain 
calculations there is no need to press the 
equals key for each intermediate step, even 
if progressive answers are needed. These 
answers are automatically displayed as 
soon as the next arithmetic function key is 
pressed. This is illustrated in the following 
example, which shows the calculation 3.14 x 
1.4142 x 456 = 2024.9081: 



l h oaSaTe1svl "nZatZ *** °' R ° dBn calculator ' which The constant facility of the SON is brought 

is particularly easy to operate. into operation by sliding the constant mode 
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switch to the upper or “K” position. This is 
used for multiplication and division by a 
constant, and calculation of integral powers 
and reciprocal powers. 

Multiplication by a constant is a very 
useful facility for such tasks as sales tax 
calculation, percentage discounts, and so 
on. In electronic work it can also be very 
useful for working out the reactance of a 
coil or capacitor at different frequencies, or 
the value of a coil or capacitor to provide 
any desired reactance at a known 
frequency. 

After having set the constant switch to the 
“K” position, it is merely necessary to enter 
in the constant, followed by the multiplier 
function key. To multiply any number by 
the constant thus stored, it is simply a 
matter of keying in the number, followed by 
the equals sign. This is shown by the 
following, which uses “260” as the constant: 



To raise a number to an integral power, 
the same procedure is followed, except that 
there is no need to key in the number a 
second time, or any further times. The 
number is simply stored as a constant, 
along with the multiply function; pressing 
the equals key once then gives its square, a 
second time its cube, and so on. This is 
shown below, where the square and cube of 
3.14 are calculated: 



Division and chain division are very 
similar to multiplication, as is division by a 
constant. In the latter case the calculator 
automatically stores the number which 
follows the division function key, so that the 
keying order is completely normal. There is 
no need to key in the divisor first, as is 
necessary with some machines. 

Reciprocal powers may be calculated as 
before, merely by keying in “1”, the 
division function, the number concerned, 
and then repeatedly pressing equals. 

An intriguing feature of the 80N is its 
underflow facility. When the result of a 
calculation exceeds the machine’s nominal 
8-digit capacity, it automatically drops 
whatever number of least significant digits 
are needed in order to fit in the answer on 
the display. At the same time it locks up, 
and indicates that underflow has occurred. 
You can’t go any further with that par¬ 
ticular calculation, but at least the machine 
lets you know the eight most significant 
digits of the last answer it got! This appears 
to work even if the answer is in the order of 


100,000,000,000,000. 

As you can see, the Rodan 80N is a very 
easy machine to use, and quite versatile. It 
would appear to be good value for money at 
the special offer price of $44.21 including 
sales tax, and even better at $38.44 for 
students able to provide an exemption form. 
An optional nickel-cadmium power supply 
costs $14.80 extra. (J.R.) ® 



8 Digit Electronic Calculator 


Introducing a special offer from Plessey Ducon ... This feature-packed, 
professional 8-digit, table top or hand-held calculator is now available for just 
$44.21 including batteries, instruction manual and sales tax. You cannot afford to 
miss such an offer... consider its features, complete the coupon and mail together 
with cheque, postal or money order. Delivery can be expected within 14 days of 
receipt of order. 

□ Key operation according to mathematical order—calculate according to sign. 

□ Indicating timer—extinguishes display without loss of memory—avoids wastage of 
battery. □ Constant key enables calculations by constant factor. □ Floating decimal 
point and zero suppressed systems employed—makes full use of 8-digit display. 

□ Employs gas discharge indicator tubes for clearly defined readout and minimal 
eye fatigue. (Number height: 9.5 mm-S ins.) □ Clear entry key for elimination of 
mis-entered numbers. □ Automatic underflow indication. □ Automatically cleared 
when power is switched on. □ Battery condition light. □ Powered by 4 penlight 
batteries (included). □ 3-way power supply system—can be supplied with NI-CD 
batteries and AC adaptor/charger at $14.80 extra tax paid. 

Dimensions (mm) 122 (W) x 205 (D) x 45 (H) 


offers 


F&tron{f* 


readers 


RODAN 


V. 


PLESSEY • 

Plessey Ducon Pty. Limited, P.O. Box 2, Villawood, N.S.W. 2163. Tel.: 72 0133. 
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Design for a PAL-S 
colour television decoder 


Here is the first of two articles written especially for the keen experimenter 
anxious to start working on the construction of a colour TV receiver. It 
presents a very interesting and practical design for the important colour 
decoder section, which is a logical place to start with any such set. The author 
has employed readily available discrete transistors and a circuit which uses 
virtually no special parts except for a 4.43MHz crystal. If the design attracts as 
much interest from readers as we think it should, we may be able to publish 
further articles by the same author, describing other receiver sections. 

by ANDREW PIERSON 


With the date drawing near for the official 
commencement of colour television ser¬ 
vices in Australia, many electronics en¬ 
thusiasts have been enquiring about the 
possibility of being able to build their own 
colour receiver. The feasibility of such a 
project will be considerably influenced by 
the motives behind the desire to build. If 
these are purely financial, the total cost of a 
build-it-yourself receiver should ideally fall 
short of the purchase price of an equivalent 
commercially built unit by a margin suf¬ 
ficient to compensate the constructor at 
least partially for the labour he has put into 
the project. 

If the motives are directed toward 
gaining practical experience or just the 
achievement of having built a colour 
television receiver, the cost assumes less 
importance, but it would still leave a nasty 
taste in one’s mouth to end up paying more 
than the cost of a ready-built unit off the 
♦ showroom floor. 

But why should the total bill for all 
components in a colour receiver be more 
than the cost of a completely assembled 
set? The answer is that in order to obtain 
the many specialised items (e.g. the tube, 
deflection yoke and convergence assembly, 
etc.) we would have to purchase them as 
spare parts for an established commercial 
receiver. Present prices on spare parts for 
black and white TV receivers show that the 
cost to the manufacturers for these com¬ 
ponents must be only a small fraction of 
what we have to pay, otherwise they just 
couldn’t make TV receivers economically. 
And there is no reason to assume that the 
situation will be very much different for 
colour sets. 

One way to reduce the overall project cost 
is to completely design a colour TV receiver 
from the ground up, and use only a bare 
minimum of specialized components. A 
manufacturer may solve a certain circuit 
design problem' by using, for instance, a 
specially constructed transformer. For a 
production run, the average cost of these 
devices may be quite low. However, they 
will be subject to a large mark-up when 
placed on the spare parts market, and it 
may be more profitable for us to use a few 
low-priced semiconductors to do the same 
job. Where specialized components are 
unavoidable, doing a deal with (say) a 
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transformer winding firm may prove more 
profitable than buying a particular spare 
part. 

The design of a colour TV receiver has 
always been an attraction for me, and I 
have set out to produce a receiver that is 
primarily orientated toward small-scale 
construction. This means a reasonably 
flexible design, using readily available 
components. The total cost will be kept as 
low as possible, consistent with a reasonable 
standard of performance. This would be 
defined as the ability to produce stable, 
good quality colour pictures in medium to 
strong signal strength areas with no par¬ 
ticular local problems. Some of these would 


EDITOR'S NOTE 

The design presented in these articles is 
intended purely as a guide for ex¬ 
perienced amateurs wishing to build a 
colour TV receiver on their own initiative. 
A complete receiver of this type is a 
complex piece of equipment, whose 
construction involves not only com¬ 
ponents worth hundreds of dollars, but a 
large amount of time and effort. We do 
not recommend such a project to those 
without a solid grounding in both theory 
and practical electronic equipment 
construction. Because of the specialised 
nature of the articles, neither Electronics 
Australia nor the author will be able to 
supply information on colour TV receiver 
design or construction further to that 
published, or in advance of material 
which may be published in future issues. 
Similarly we regret that we will not be in 
a position to assist readers privately with 
problems they may meet in constructing 
a colour TV receiver based on the 
designs presented. 


be severe impulsive noise interference, 
close proximity to strong sources of RF 
(e.g., taxi base transmitters) with 
frequencies adjacent to local TV channels, 
and constantly changing multiple path 
reception (e.g., aircraft flutter). 

In common with all developmental 
projects, it is very difficult to specify a time 
limit for completion of all the receiver 
sections. There are a large number of 


variables at work, not the least ot wmch are 
component supply problems. Because the 
tube supply position has not yet stabilized, it 
would seem prudent to commence with the 
signal processing circuitry, and leave the 
CRT display section till later when a wider 
choice of relevant components is available. 

My arrangement with “Electronics 
Australia” is that the articles will be 
published as they are completed, and as 
space becomes available. They are 
published primarily for experimenters’ 
information, although the end object is to 
produce a cheap, flexible colour TV 
receiver. Note that this does not necessarily 
mean a simple design. One can afford to be 
fairly generous with low-priced transistors 
which cost less than a reasonable size 
electrolytic! , 

However, there are some characteristics 
which should not be sacrificed for cost. For 
instance, I would rather specify a circuit 
costing $10 which was lOOpc reproduceable 
and simple to align than one costing $7 
which had production and alignment 
problems. There is nothing worse than 
having to hack into a newly finished PC 
card because the design could not ac¬ 
commodate normal parameter spreads. It’s 
also comforting to know that the alignment 
procedure is going to proceed exactly as the 
text says. 

Enough of the design of this receiver has 
unfolded for me to be able to assure you of 
one thing — most sections are definitely 
NON-STANDARD and represent radical 
departures from commonly accepted 
practices, so if you are contemplating the 
construction of an colour TV receiver, it 
would be advisable to wait until the series is 
completed before you make your final 
decision. 

When compared with the ‘state of the art’ 
receivers which will appear on the com¬ 
mercial market in the near future, this 
receiver design may appear somewhat 
‘backward’ because of the use of discrete 
components where a commercial 
manufacturer will use a specialized IC. This 
decision was taken only after a great deal of 
thought on the subject. The first reason for 
preferring discrete components is the 
supply problem associated with specialized 
IC’s. Certain types have become obsolete 
already — and colour TV hasn’t even 
started yet. And what of availability in the 
future, when spares may be required? 
Basic devices like BC109 and 2N3638A 
transistors will be around for a long time, 
and repairs to discrete component equip¬ 
ment will generally be cheaper, also. 

The second reason is that most of these 
IC’s are designed to operate in circuit 
configurations relating to a specific 

The circuit of the author's decoder is shown 
on the page opposite. Designed specifically 
for home construction, it uses readily 
available discrete components throughout. 
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67 7329,67 4286 


AM/FM/AIR PB-WB 
SOLID STATE RADIO 
VHF MONITOR 
BATTERY ELECTRIC 

SPECIFICATIONS 

Transistor: 12 Transistor & 8 Diode 
Frequency: FM 88-108 MHz 
Range: AM 540-1600 KHz, AIR-PB108-174 MHz 
Power Output: Maximum 500 mW, Undistorted 
280 mW 

Speaker: 3", 8 ohms 

Earphone: Magnetic 8 ohms 

Power Source: DC 6V UM-2 x 4 pcs. or AC 230 

Antenna: Ferrite bar for AM, Rod antenna f< 

FM / AIR-PB-WB 

Controls: Volume (w/on-off switchl, Selector 
{AM / FM / AIR-PB-WB) 

Accessories: Earphones & batteries 
Dimensions: 3%" x 6%" x 9%’’ 

Weight: Approx. 3 lb. 

Price: $35 

"TRIO" 9R59DS. (General coverage.I 4 bands 
covering 540 kcs, valve type, to 30 Mcs. Two 
mechanical filters ensure maximum selectivity, 
product detector for SSB reception. Large tuning 
and bandspread dials for accurate tuning. 
Automatic noise limiter. Calibrated electrical 
bandspread. "S" meter and B.F.O. 2 microvolts 
sensitivity for 10 db S'/N ratio. Price $145 
9R59DS, p.p. $2.00 


MODEL 13-700 TRANSISTOR 2-CHANNEL 
CALL SIGNAL TRANSCEIVER 

CIRCUIT: 1 Watt, 2-Channel Solid State Trans¬ 
ceiver, 12 Transistors, 1 Diode, 1 Thermistor. 

RECEIVING FREQUENCY: 2- 
Channels available, Channel 11 
(27.240 MHz) Crystals Factory 
Installed in Number One 
Position. 

Receiving system; crystal 

I - controlled, superheterodyne 

system with Tuned RF Stage. 
INTERMEDIATE FREQ: 
455kHz. 

TRANSMIT SECTION: Crystal 
Controlled Oscillator followed 
by RF Amplifier. 
MODULATION SYSTEM: 
Push-Pull High Level Class "B". 
RF INPUT POWER: 1 Watt. 
FREQUENCY TOLERANCE: ±0.005%. 
RECEIVER SENSITIVITY: luV or better at 10 dB 
S/N. 

SPEAKER/MICROPHONE: 2!4" PM Dynamic 
8-ohm. 

ACCESSORY JACKS: AC, Earphone and charge. 
POWER SOURCE: 12V DC (8 x 1,5V "AA" cells) 
$39.95 each P.P. $1.00 or $79.00 a pair. BE 
EARLY. 

i MODEL NC-310 

DE LUXE 1 WATT 3 CHANNEL 
■ C.B. TRANSCEIVER 

■ • WITH CALL SYSTEM 

H • EXTERNAL AERIAL 

^ CONNECTION 

so available on 27.880 MHz $6.00 Extra 
SPECIFICATIONS, NC-310 
Transistors: 13 

Channel Number: 3, 27.240 MHz Citz. Band 
Transmitter Frequency Tolerance: ±0.005% 

RF Input Power: 1 Watt 
Tone Call Frequency: 2000Hz 
Receiver Type: Superheterodyne 
Receiver Sensitivity: 0.7/W at 10dB S/N 
Selectivity: 45dB at ±10KHz 
requency: 455KHz 

io Output: 500mW to External Speaker Jp 
er Supply: 8 UM-3 (penlite battery) 
ent Drain: Transmitter: 120-220mA 
Receiver: 20-130mA. 

$49.50 each or $99.00 pair. 


Colour TV decoder 


manufacturer’s design. I have found that 
attempts to incorporate these chips into 
other circuitry generally means that a fair 
number of additional components have to be 
employed for interfacing. 

The third consideration lies in the value of 
a piece of equipment for training purposes. 
In an IC design, many circuit functions are 
hidden, but a discrete design allows access 
to all waveforms for measurement and 
instruction. 

Having outlined the basic design 
philosophies which have been adopted, the 
first section of a colour TV receiver is 
presented. This is the PAL-S decoder. 

To start the description of the decoder, I 
had better explain the reason for choosing a 
PAL-S decoder in the first place. This has 
not been done lightly. 

Phase errors between the burst and 
chroma information can occur during 
transmission. The NTSC system provides 
no immunity against these distrurbances. If 
the decoder was of the NTSC type, phase 
displacements would cause the overall 
picture hue to be shifted, e.g. face tones 
would shift from pink toward green or blue. 
However, in the PAL system the phase of 
the (R-Y) colour difference signal is 
reversed on every alternate line. Therefore, 
in the case of a given subcarrier relative 
phase shift, the NTSC line ((R-Y) 
unreversed) will exhibit a given colour 
error. However, on the PAL line ((R-Y) 
reversed), the colour errors will be 
reversed. Since the video information is 
generally similar from line to line, the 
errors may be largely cancelled out by 
algebraically adding the two alternate 
lines, and displaying the result. This will 
occur optically in a receiver where no 
deliberate attempt is made to perform the 
adding task electronically. For small to 
medium phase errors the performance of 
such a receiver is acceptable, but large 
errors produce a patterning, known as the 
‘Hanover blind’ effect. A decoder using this 
technique is known as a ‘SIMPLE PAL’ or 
‘PAL-S’ type. 

The errors may also be averaged elec¬ 
tronically before display by passing each 
line through an ultrasonic glass delay line 
with a delay time equal to exactly one line 
period. Therefore, the line will emerge 64us 
late, just in time to be added to the next line. 
This type of decoder is known as a ‘DE¬ 
LUXE PAL or PAL-D type, and is the type 
most often used in commercial colour 
receivers because of its imprdved per¬ 
formance. 

The inclusion of a delay line confers 
another advantage, also. This is that the (B- 
Y) and (R-Y) sidebands are separated by 
addition and subtraction processes 
associated with the delay line. In a PAL-S 
decoder, this task must be performed by the 
synchronous demodulators alone. However, 
this is no problem if the demodulators are 
correctly designed. 

The decoder being described is of the 
PAL-S type, because the degree of per¬ 
formance obtainable is quite reasonable in 
medium to strong signal strength reception 
areas, and it is felt that the extra cost and 
(at present) supply problems involving the 
64us delay line would not be warranted. 

I have compared the decoder with a PAL- 
D type in practice, over an extended period, 
and the PAL-S circuit has performed 


remarkably well. It will cope with a sur¬ 
prising amount of error before Hanover 
patterning becomes prominent. 

As far as the basic signal paths are 
concerned, the decoder is conventional. 
However, the techniques employed to 
perform the various circuit functions are 
somewhat unusual, in particular the ident 
recovery and PAL switch. A basic 
knowledge of the PAL decoding process is 
assumed, because due to lack of space, a 
discussion of these techniques would be 
outside the scope of this article. A recom¬ 
mended textbook on the subject is ‘Colour 
Television Theory’, by Geoffrey H. Hutson 
(McGraw-Hill). (See also page 79.) 

In this decoder, certain liberties have 
been taken with the chrominance band¬ 
width in the interests of economy. However, 
the subjective result as viewed on a colour 
CRT is quite acceptable. Circuitry has been 
further simplified by the deletion of 
automatic chrominance level control (ACC) 
and colour killing functions. The type of IF 
unit used minimises the effects of tuning 
drifts and thus does away with the need for 
ACC. When a black and white program is 
being received, the .saturation’ control 
should be turned fully anticlockwise. This 
will remove all spur ous signals from the 
input to the synchronous demodulators. 

A detailed description of the operation of 
the decoder circuit now follows. 

LINE BUFFER 

A composite video and chroma signal 
enters the decoder via Cl. Since the input 
impedance of the chroma separation am¬ 
plifier is low, the emitter follower Q1 is 
necessary to buffer the line from loading 
effects. Operating bias for Q1 is supplied by 
R1 and R2, and the low value emitter 
resistor R3 assures a fast pulldown time. 
Composite video and chroma is applied to 
the variable attenuator RV1-R4 via C2. 

CHROMA SEPARATION 

The DC coupled amplifier pair Q2-Q3 is 
biased into operation by R5 and R6. The 
bypass capacitor C5 ensures that the bias 
feed side of the parallel resonant circuit Ll- 
(C3+C4) is maintained at ground potential 
as far as the chroma frequencies are con¬ 
cerned. 

LI is tuned to the centre frequency of the 
chroma bandpass response curve, 4.43 
MHz. Composite video is injected into the 
resonant circuit via the common impedance 
R4, which is in series with a portion of the 
tuning capacitance C3. The amount of 
signal injected is controlled by the 
resistance ratio of the attenuator RV1-R4, 
and hence the setting of RV1 (the ‘CHROMA 
GAIN’ control). Since the tuned circuit is 
parallel resonant, a maximum potential 
appears across it (and hence at the input of 
the amplifier) at the centre of the band of 
chroma frequencies (4.43 MHz). The 
operating Q of the tuned circuit (and hence 
the bandwidth of the separated chroma 
frequencies) is controlled by the effective 
parallel resistance introduced by R4, the 
parallel resistance R5, and to a lesser extent 
by the amplifier’s input impedance at the 
base of Q2. 

Coupling from the collector load of Q2 
(R8) to the base of Q3 is via the parallel 
resonant circuit L2-C7. Since this circuit is 
tuned to 5.5 MHz, it Will exhibit a high im¬ 
pedance at this point and so pass all signals 
except those in the vicinity of the sound 
intercarrier frequency and its sidebands. In 
this manner, any 5.5 MHz component not 
removed in the receiver section is 
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prevented from being passed to the syn¬ 
chronous demodulators. This is essential, in 
order to avoid the generation of a nominal 
1070 kHz beat between the chroma 
sidebands and the sound intercarrier 
frequency. Of course, the 5.5 MHz signal 
will already be attenuated by the chroma 
bandpass tuned circuit, but this higher Q 
tuned circuit provides an additional 
measure of attenuation. Very little sound 
signal is needed to wreck things! 

The gain provided by Q3 is unity, because 
the collector and emitter loads (RIO and 
Rll) respectively) are equal. However, 
because of the circuit configuration the 
collector of Q3 may be shorted to earth via 
the collector-emitter conduction of Q4. 
This action will remove the signal from 
the collector, but the emitter signal (the 
chroma output) will be undisturbed, smce 
Q3 is still functioning as an emitter follower. 
The chroma separation circuit is decoupled 
from the +12 V rail by the components R7 
and C6. 

BURST GATE 

Q4 is maintained in a conducting state by 
forward base current supplied through RV2 
and R12 in series. The line oscillator in the 
receiver unit produces a positive going, 5us 
wide +12V pulse coincident with the line 


COIL DETAILS 

LI (4.43 MHz) Former: ext. dia. 

Winding: 20T 26G B&S ECW. 

L2 (5.5MHz) Former: Y l" ext. dia. 
Winding: 15T B&S ECW. 

L3 (4.43 MHz) Former: %" ext. dia. 
Winding: 20T 26G B&S ECW. 

All formers "Neosid" PC board mounting 
type: 2450 / 1 / 6W. 

All slugs "Neosid" type 6 x 1 x 13 x 900 
(13mm long). 


sync pulse in the composite video 
waveform. The trailing edge of this pulse is 
differentiated via C8, which turns Q4 off for 
a few microseconds following the end of the 
line sync pulse. Thus, the only time that 
signal is permitted to appear at the 
collector of Q3 is during the colour 
reference burst interval. The amount of 
differentiation, and hence the Q4 ‘off’ time 
is made variable by means of RV2 so that 
the gate may be adjusted to close after the 
burst has finished, thus prohibiting ex¬ 
traneous signals from entering the colour 
sync circuits. 

CRYSTAL FILTER 

Q5 is a DC coupled crystal driver am¬ 
plifier, into which is fed the gated colour 
sync bursts. The operating bias for Q5 is 
actually determined by R5 and R6, but the 
low DC gain throughout the chain Q2-Q3-Q5 
assures good stability. Because of changing 
DC conditions an additional decoupling 
resistor is not practicable at this point, but 
the supply rail track impedance is 
decoupled by C9. The crystal Yl is tuned to 
resonance at 4.433619 MHz by the trimmer 
CVl. At this point, its operating Q is very 
high, and bandwidth very narrow. Con¬ 
sequently, after excitaton by one burst, the 
crystal will continue to oscillate until the 
next burst, 64us later. The Q is so high that 
there is almost no variation in the ringing 
amplitude from the end of one burst to the 
beginning of another. 


In order to identify the phase reversed 
line, the PAL colour reference burst swings 
-45° and —45° from nominal subcarrier 
phase on alternate lines. The Q of the 
crystal is such that it is unable to follow 
these phase alternations, and so the ringing 
oscillation takes up a phase relationship 
equal to the mean of the swings, i.e., 0° or 
subcarrier phase. However, during the 
burst intervals, large amplitude com¬ 
ponents at +45° and —45° (i.e. burst phase) 
are added to the output ringing waveform 
from the collector of the crystal driver 
amplifier, Q5. Thus, during the line periods 
the output from the crystal is at subcarrier 
phase, and during the burst intervals the 
output is at burst phase. 

FET SOURCE FOLLOWER 

In order to maintain a maximum 
operating Q from the crystal, a FET source 
follower (Q6) is used as an impedance 
converter between the crystal and the 
subcarrier oscillator. A decoupled voltage 
divider between the +12 V rail and earth 
(R15, R16 and C12) provides operating bias 
for the FET’s gate, which is fed via R17. 
This resistor determines the buffer stage’s 
input resistance. CIO is employed to couple 
the 4.43 MHz signals present across the 
crystal into the gate of the source follower. 
The source load resistor is R18, across 
which the buffered crystal signal is 
developed. The supply rail track impedance 
at this point is bypassed by Cll. 

SUBCARRIER OSCILLATOR 

Q7 is a common emitter amplifier stage, 
in which the base bias resistors are R21 and 
R22. The bypass capacitor C17 ensures that 
the bias feed side of the parallel resonant 
circuit L3-(C15+VA1) is maintained at 
ground potential for the operating 
frequency of the oscillator. L3 is tuned to the 
subcarrier frequency, 4.43 MHz. The 
collector of Q7 is directly coupled to the 
unity gain dual phase output stage, Q8. A 
phase reversed version of the signal present 
across the collector load of Q7 (R24) is 
therefore available across the collector load 
of Q8 (R28). A portion of this signal is 
coupled back to the base of Q7 via RV4, R26 
and the DC blocking capacitor, C18. Since 
L3-(C15+VA1) is a parallel resonant 
circuit, it will present a low impedance 
(hence shunting out the feedback path), to 
all frequencies other than the one to which it 
is tuned. The feedback signal is in-phase 
with the base signal, and oscillation will 
therefore occur at the frequency for which 
the input tuned circuit exhibits its 
maximum impedance, i.e. its resonant 
frequency. The amplitude of oscillation 
may be controlled by varying the resistance 
of the feedback path. RV4 performs this 
function, whilst R26 sets a maximum limit 
to the value of feedback. 

The oscillator is injection locked to the 
output from the crystal filter, via the small 
capacitor C13. The free-run oscillator 
frequency is set in a coarse manner by 
adjusting the tuning slug in L3, and in a fine 
manner by means of the varactor diode, 
VA1. C16 is a DC blocking capacitor, and 
serves to isolate the bias voltage from the 
base bias voltage of Q7. The DC bias voltage 
for VAl is picked off the wiper of RV3 (the 
‘colour lock’ control), and applied via R20 to 
the cathode of VAl. A convenient range of 
frequency adjustment is determined by the 
value of R19, whilst the DC output from the 
wiper of RV3 is decoupled by C14. 

The oscillator is decoupled from the 
supply line by R23 and C19. The emitter of 


Q8 conveniently provides an isolated point 
from which the oscillator output may be 
taken. 

SUBCARRIER BUFFER 

Q9 is an emitter follower stage which is 
used to provide additional buffering from 
the output of the subcarrier oscillator. 
Operating bias is supplied by R29 and R31, 
which feeds the base via the parasitic 
suppression resistor R30. Subcarrier signal 
is coupled from the emitter of Q8 to the base 
of Q9 via C20. The emitter load of Q9 is 
divided into R33, R34, R35 and R36 so that 
the correct signal levels may be distributed 
to the ident recovery, (B-Y) synchronous 
demodulator and (R-Y) 90 shift circuits 
respectively. The entire buffer stage is 
decoupled from the supply rail via R32 and 
C21. 

It may appear that a self-maintained L-C 
oscillator would not possess adequate 
stability, but when used in this application 
stability is not a prime requirement 
because it is being locked by a continuous 
and phase-accurate frequency from the 
crystal filter. The function of the oscillator 
is twofold. The first requirement is that it 
provide a constant amplitude signal during 
the active picture periods for feeding the 
synchronous demodulators. The second 
function of the oscillator (ident recovery) 
is quite subtle. 

IDENT RECOVERY 

Although the oscillator is supplied with a 
constant-phase frequency for most of the 
time, the phase of the injected frequency 
swings between +45° and —45° during the 
alternate line burst periods (see section on 
the crystal filter). 

The nominal operating frequency of the 
oscillator is set as near as possible to the 
subcarrier frequency, and the phase is reset 
to 0° during each line period, so when the 
+45°and —45° phase alternations arrive, the 
oscillator, because of its high operating Q 
and small injection amplitude continues to 
operate at or near 0° phase for a limited 
period. Thus two signals of differing phase 
are present in the oscillator circuit, which 
behaves as its own synchronous 
demodulator and so produces a positive or 
negative going pulse, depending on the 
phase of the burst relative to that of the 
subcarrier. Since this action is common to 
that of the generation of oscillations the two 
are superimposed and the end result is that 
the amplitude of oscillation is alternatively 
augmented or depressed during the burst 
periods. It is a relatively simple matter to 
extract a train of positive (or negative) 
ident correction pulses from this envelope. 

Because the DC potential at the emitter of 
Q9 is higher than the DC base potential (i.e., 
earth) of the emitter follower Q10, diode D1 
is reverse biased, thus keeping the base- 
emitter junction of Q10 “off”. However the 
shunt capacity possessed by D1 couples the 
4.43MHz pulse modulated subcarrier signal 
into the base of Q10. Since Q10 is not 
provided with any forward bias (R92 is a 
base return resistor), the input potential 
will have to exceed the cut-in voltage (0.6V) 
before it can appear at the emitter. The 
amplitude of the subcarrier signal present 
at the emitter of Q9 is 5V p-p, so after 
passing through the shunt capacity of D1 it 
will be symmetrically disposed about earth 
potential at the base of Q10. 

Because signal can only appear at the 
emitter of Q10 when the input signal at the 
base exceeds +0.6V, rectification of the top 
of the envelope (the amplitude modulated 
area) takes place. 


ELECTRONICS Australia, June, 1974 


45 



WIN A 
HI FI 
SYSTEM 

Last month. Electronics Australia 
announced details of a practical 
project competition, conducted 
in association with Kit-Sets 
Australia Pty Ltd. The prizes: 
FIRST: Complete kit for the 
Playmaster 140 quadraphonic 
amplifier, including Plessey loud¬ 
speaker systems, playing deck, 
cover and magnetic cartridge. 
SECOND: Complete kit for the 
Playmaster 140 amplifier. 

THIRD: Complete kit for the 
Playmaster 136 stereo amplifier. 
PUBLICATION: Designs and 
descriptive articles submitted will 
be considered for publication in 
Electronics Australia and articles 
used will be paid for at ruling 
page rates. 

THE PRACTICAL 

PROJECT 

COMPETITION 

Its aim is to discover a variety of 
practical electronic projects 
which can be built for approxi¬ 
mately $20, based on prices 
shown in the Kitsets Australia 
catalog, which was distributed 
free in the May 1974 issue of 
Electronics Australia. 

Details of the competition were 
given on page 25 of the May 
issue, together with conditions of 
entry. If you missed out on the 
competition and the catalog, 
your newsagent may be able to 
supply a back-number or you can 
order one from our office for 75c 
plus 30c postage. 

CLOSING DATE: 

Entries must be postmarked not 
later than Monday, September 2, 
or delivered to our office by the 
same day. 

ADDRESS YOUR ENTRY. 
"Project Competition", 
Electronics Australia, 

PO Box 163, 

BEACONSFIELD, NSW 2014. 
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The capacitor C22 removes the 4.43MHz 
carrier component by making the action of 
the emitter follower Q10 unsymmetrical. 
When the emitter is driven upward, con¬ 
siderable charging current is supplied to 
C22, which quickly sets itself to the peak 
voltage reached by the emitter. When the 
base voltage falls, the only way that C22 can 
discharge is via the emitter load resistor 
R38. This is very slow compared to the 
charging action, so the previous voltage 
sample is held until the next sample takes 
place. However the value of C22 is small 
enough to respond to the ident alternations, 
which are coupled to the base of Qll via C24. 
The collector of Q10 is decoupled via R37 
and C23. 

The forward bias arrangements for Qll 
are established in such a way that the base 
voltage due to the divider chain R39-R40 is 
slightly less than 0.6V, the cut-in voltage 
required by Qll. The negative ident swings 
coupled to the base of Qll via C24 can only 
decrease this base-emitter voltage; but the 
positive swings add to the bias and saturate 
Qll, so resetting (if necessary) the ident 
flip-flop. C24 is specified as a polyester or 
polycarbonate type, to prevent the 
possibility of the standing bias on Qll being 
disturbed by leakage. 

Before going on to the next section, the 
behaviour of the subcarrier oscillator 
during the locking process will be 
described. 

SUBCARRIER OSCILLATOR LOCKING 
CHARACTERISTICS 

If the free run frequency of the oscillator 
is the same as the crystal frequency, the 
oscillator output phase will be coincident 
with the crystal phase. As the free run 
frequency is swung above and below that of 
the crystal, the two signals will remain 
locked in frequency, but the phase 
relationship will ‘skew’. The amount and 
polarity of the error depends on the 
frequency displacement and whether the 
oscillator frequency is above or below the 
crystal frequency. When the frequency 
swings become too great, the oscillator will 
finally lose lock altogether. The correct 
operating frequency may be established by 
observing the modulated envelope at TP3. 
The colour lock control should be set at mid¬ 
travel. The slug of L3 is adjusted so that the 
beat frequency observed at TP3 gradually 
decreases to zero. The colour lock control 
can then be adjusted to produce equal 
amplitude alternate line burst modulations. 
Since the subcarrier oscillator is operating 
as a synchronous demodulator, this test 
shows that the burst swings must be equally 
disposed about the subcarrier frequency, 
and that the operating frequency and phase 
are therefore correct. 

IDENT FLIP FLOP 

Q12 and Q13 are connected to form a 
bistable multivibrator. The emitter of Q12 is 
earthed directly, but the emitter of Q13 is 
earthed via the base-emitter junction of 
Q14. Thus, as Q13 is turned ‘on’, Q14 is also 
turned ‘on’, and may drive its relatively low 
value collector load R43 without loading the 
master binary. The base return resistor for 
Q14 is R46. R41 and R45 are the binary 
collector loads, whilst the cross-coupling 
resistors are R44 and R47. C26 and C27 are 
speed-up capacitors. 

The binary is clocked back and forth by 
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line pulses from the line sync unit, supplied 
through C25. R42 is the rail return resistor, 
and D2 and D3 the steering diodes. A 7.8 kHz 
square wave (the PAL switch control 
voltage) is available from the collector of 
Q14. 

The binary is reset to a predetermined 
state by the ident correction pulses when 
Qll saturates. If the collector of Q12 is 
‘high’, it is forced down to earth potential, 
thus depriving Q13 of base bias, and so 
turning Q13 ‘off’. As the collector voltage of 
Q13 rises, it forces Q12 ‘on’, so reinforcing 
the action of the original correction pulse. If 
Q12 was in the correct state (i.e. ‘on’) 
originally, the binary state remains 
unaltered. Under these conditions, the 
collector waveform from Q14 will reverse 
the (R-Y) subcarrier signal on the correct 
line, and so produce a correctly coloured 
picture. 

90 DEGREE (R-Y) SHIFT 

The chroma information is transmitted as 
two suppressed carrier sidebands differing 
in phase by 90°. The (B-Y) signal has a 
phase relationship of 180° with respect to 
the subcarrier, and the (R-Y) signal has a 
phase relationship of 90° or 270°, depending 
on which line is being transmitted. Since the 
PAL switch provides a phase alternation of 
180®, a further 90° shift is required is 
required between the output of the sub¬ 
carrier oscillator and the input of the PAL 
switch. 

This is provided by Q15, which is a split 
load dual phase stage. Operating bias is 
provided by R48 and R49, whilst subcarrier 
signal is coupled to the base of Q15 via C28. 
Antiphase signals are present across R50 
(the collector load) and R51 (the emitter 
load), and the network C29-R52 connected 
between these points provides a 90° phase 
shifted signal for input to the PAL switch. 

PAL SWITCH 

Q16andQ17 perform the task of reversing 
the subcarrier drive to the (R-Y) syn¬ 
chronous demodulator on alternate lines. 
Both stages operate as split load dual phase 
stages with voltage gains of unity. The 
collector load of Q16 is R55, and the emitter 
load of Q17 is R58 and R59 in parallel. The 
emitter load of Q16 (which supplies an in- 
phase signal) is R57, and is also the 
collector load of Q17 (which supplies an out- 
of-phase signal). Thus, if the bases of Q16 
and Q17 are fed with a common AC signal 
and the amplitude is insufficient to cause 
the transistors to conduct when they are 
deprived of forward bias, a signal of either 
phase may be caused to dppear across R57 
by simply arranging for one transistor to be 
biased ‘on’, and the other transistor to be 
switched ‘off’, or vice-versa. Since Q16 is an 
NPN type, its base ‘off’ resistor is returned 
to earth, whereas the ‘off’ resistor for Q17 (a 
PNP type) is returned to the supply rail. 
The ‘on’ resistors for both bases are 
returned to a common point, which is the 7.8 
kHz square wave output from the ident flip- 
flop. Thus, as this signal goes ‘high’ Q17 is 
deprived of bias, and Q16 is switched on, 
producing an in-phase signal across R57. 
When the square wave goes ‘low’, Q16 is 
deprived of bias and Q17 is switched on, 
producing an out-of-phase signal across 
R57. 

In practice, so that an identical DC level 
may be achieved across R57 for both switch 
positions, the ‘on’resistor for Q16 (R53) is 
made a fixed value, and the ‘on’ resistor for 
Q17 (R56 and RV4) is made variable about 
the value of R53. The subcarrier signal is 








applied to the bases of Q16 and Q17 via the 
capacitors C30 and C33. The effective value 
of R58 is lowered slightly by the parallel 
resistor R59 in order to offset loading effects 
and so maintain equal AC channel gains. 

Both (B-Y) and (R-Y) synchronous 
demodulators require a subcarrier signal 
drive of 2 V P-P. Since the PAL switch 
operates at a lower level than this, the 
amplifier stage Q18 is required. This stage 
lifts the switched subcarrier level to 2 V 
P-P, and also serves as an amplitude 
clipper to remove a negative-going tran¬ 
sient which is .generated in the switch 
through C30 and C33 when the two bases 
change bias levels. 

The base return resistor for Q18 is R62. 
Forward bias is supplied via RV6 and R61, 
and in operation RV6 is adjusted to produce 
just sufficient operating bias, to handle the 
switched subcarrier signal. When measured 
at the collector of Q18 (TP4), the peaks of 
the output sine wave signal will therefore 
just fall short of the rail voltage (+12 V). 
The transients (now positive going) are 
limited in amplitude to +12 V. In practice, 
to allow sufficient operating tolerance 
margins, the peak to peak value of the 
transients is adjusted to be 5pc of the peak 
to peak value of the signal. The supply rail 
impedance in the vicinity of the PAL switch 
and following amplifier is decoupled by C31. 

SATURATION CONTROL BUFFER 

This section carries on from the end of the 
description of the chroma separation stage. 
Q19 is a directly coupled emitter follower 
and is employed to buffer the collector load 
of Q3 (RIO) from the input impedance of the 
chroma amplifier, Q20. The saturation 
(intensity of colours) control is con¬ 
veniently arranged as the emitter load 


FEEDBACK INVITED 

Are you interested in seeing more articles 
on the broad subject of colour TV design 
and construction? If so, drop a line to the 
Editor and let him know, so that he can 
gauge the interest level in the subject. 
We won't be able to reply privately to 
your letters, but rest assured that they 
will be carefully noted as an expression 
of reader wishes. If the letters reveal 
sufficient interest, we will try to publish 
more articles similar to the present one 
and its sequel. 


resistor, RV7. R65 is included in the 
colleclor supply lead to reduce dissipation 
in Q19 and also to minimise the possibility of 
parasitic oscillations being generated. The 
supply rail impedance for this stage is 
decoupled by C34. 

CHROMA AMPLIFIER 

Q20 is a PNP linear amplifier stage with a 
voltage gain of 20 dB, and its purpose is to 
lift the chroma signal from the saturation 
control to a level which is sufficient to drive 
the synchronous demodulators. Under 
normal circumstances the stage has more 
than sufficient gain. 

The emitter resistor for Q20 is R69, with 
the output being taken from the collector 
load, R70. The base bias resistors are R66 
and R67, with chroma signal being coupled 
from the wiper of the saturation control 
(RV7) to the base of Q20 via C35. The 
chroma amplifier stage is decoupled from 
the supply rail via R68 and C36. 

DEMODULATOR CHROMA BUFFERS 

Since chroma information is applied to 


the emitters of the synchronous 
demodulators, independent buffering from 
the chroma amplifier is required for two 
reasons. The first is simply the need to 
avoid loading effects on the collector 
resistor (R70) in the chroma amplifier by 
the emitter input impedance of the 
demodulators. The second reason is due to 
the fact that the emitter drive chroma input 
configuration used in the demodulators also 
functions as an emitter follower, thus 
feeding the subcarrier signals present at the 
bases of the demodulators back into the 
chroma source. Since the chroma amplifier 
does not supply any other circuitry this 
would be of little consequence, but the 
problem with a common feed point for the 
demodulators is that the two subcarrier 
signals (180° shifted for (B-Y), and 90° 
shifted plus alternate line reversal for (R- 
Y) ) would be fed into each other’s 
demodulator, along with the chroma in¬ 
formation. Because this would cause in¬ 
correct operation of both demodulators, a 
pair of emitter follower buffer stages is 
employed to isolate the two chroma inputs 
from each other. 

The chroma buffer for the (B-Y. syn¬ 
chronous demodulator is Q21, which derives 
its operating bias and chroma signal from 
the collector of Q20 by being directly 
coupled to it via the parasitic suppression 
resistor, R71. The output signal is developed 
across the emitter load resistor R73, and the 
collector is decoupled from the supply rail 
via R,72 and C37. 

The chroma buffer for the (R-Y) syn¬ 
chronous demodulator is Q24, which is also 
fed from the collector of Q20, and operates 
in exactly the same manner as Q21. 

(continued overleaf) 


speed and long life operation, 
series MRD and URD relays are 
employed in a wide variety of 
applications including transistor, 
integrated circuit, general purpose 
control, telephone and telegraph 
switching and data processing 
equipment circuitry. 
bKI relays are extremely small and 
lightweight, highly sensitive and of 
magnetically shielded construction to 

enable close proximity mounting with 
each other without interaction. 

A wide range of packages are 
available: all are shock, vibration and 
humidity resistant. Series URD are 
miniaturised versions of the MRD and 
include a 14 pin DIL package. They 
are particularly suitable for switching 
circuits with high output/input ratios. 
OKI relays incorporate miniature reed 
insert switches and coil assemblies. 
Switch contacts employed in the range 
are of rhodium or gold diffused material 
for maximum reliability and life. 
Comprehensive iiierature is available 
on request to the Professional 
Components Division. 

Plessey Ducon Pty. Limited 
Box 2, P.0. Villawood, N.S.W. 2163 
Telephone: 72 0133. Telex: 20384 

Melb: Zephyr Products Pty. Ltd. 56 7231 
Adel: K. D. Fisher & Co. 42 2920 
Perth: H. J. McQuillan Pty. Ltd. 68 7111 
Everett Agency Pty. Ltd. 81 5500 
N.Z.: Henderson (N.A) 64 189 
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Colour TV decoder 


SUBCARRIER DRIVE BUFFERS 

Because of inter-electrode capacities 
existing within the synchronous 
demodulator transistors, a proportion of the 
chroma signal applied to the emitter cir¬ 
cuits finds its way on to the bases, and so 
back into the subcarrier source. For this 
reason it is necessary to include buffers 
between the subcarrier source and the 
bases of the demodulators. 

In the case of the (B-Y) path, this buffer is 
Q22, which takes the form of an emitter 
follower. The base of Q22 is supplied with 
operating bias developed from the divider 
chain R74 and R75 and fed via the parasitic 
suppression resistor R76. Subcarrier signal 
is fed to the base via the capacitor C38. The 
output signal is developed across the 
emitter load resistor R78, and the collector 
and bias supply divider chain is decoupled 
from the supply rail via the components R77 
and C39. 

In the case of the (R-Y) path, the am¬ 
plifier clipper stage Q18 serves as a buf- 
ferin j element. 

SYNCHRONOUS DEMODULATORS 

These devices operate on a gating prin¬ 
ciple, i.e., an amplifier with the chroma 
signal on one input, which is gated ‘on’ by 
the subcarrier drive applied to another 
input. In this case, the chroma signal is 
‘sampled’ during the positive half-cycles of 
the subcarrier signal. 

The (B-Y) synchronous demodulator is 
Q23, the circuit configuration of which is a 
unity gain amplifier with equal collector 
and emitter loads. The bias conditions as 
established by R79 and R80 are such that 
Q23 is just beginning to conduct (i.e. its 
collector voltage is slightly lower than +12 
V.) The 2 V P-P 4.43 MHz subcarrier sine 
wave is added to the base bias voltage via 
C40. On the negative cycles of subcarrier 
signal, the standing bias voltage is opposed, 
and the amplifier cuts off. On the positive 
cycles, the standing bias voltage is in¬ 
creased, and the amplifier is driven further 
on, allowing the chroma signal (applied to 
the emitter via C41) to appear at the 
collector. The signal at the collector is 
therefore a series of samples of chroma 
information, with the sampling time being 
determined by the subcarrier waveform. 

Before the low bandwidth (B-Y) colour 
difference signal can be used, it is 
necessary to remove the 4.43 MHz switching 
component from the recovered signal. The 
asymmetrical nature of current drive in the 


collector load of Q23 (R81) is made use of, 
together with C42, to reduce the 4.43 MHz 
component by integration without unduly 
sacrificing bandwidth. When Q23 is driven 
‘on’, its collector voltage falls and the 
potential across C42 is forced down. 
However, when Q23 is driven ‘off’, the 
potential on C42 can only be raised by 
means of charging current supplied via R81. 
Thus, some of the potential is retained by 
C42 until it is ‘reset’ by the next ‘on’ sample. 
The remaining switching component is 
removed by the R-C low pass filter R83-C43. 
The coupling capacitor C44 is used to block 
the DC component of Q24’s collector voltage 
from the following circuitry in the RGB 
output unit. 

Since the burst is not removed from the 
chroma signal, demodulation products will 
appear on the back porches of the recovered 
colour difference signals. This will not in¬ 
troduce clamping problems because the 
video amplifiers use simple sync tip DC 
restorers. The demodulated signal will not 
be displayed because the picture tube will 
be blanked for the entire horizontal blank¬ 
ing period. 

The (R-Y) synchronous demodulator is 
Q25, which operates in exactly the same 
manner as Q23, except that in this case the 
90° shifted and switched subcarrier is 
supplied to the base circuit from the 
collector of Q18 via C46. 

The main +12 V rail bypass capacitors 
for the PC cards are C51 and C53, with the 
parallel high-K capacitors C52 and C54 en¬ 
suring that by-passing is maintained at high 
frequencies where the inductive effects of 
electrolytics may tend to become 
troublesome. All other bypass capacitors 
are either lOOn high-K types, or lOu tan¬ 
talum ‘tag’ electrolytics which have good 
high frequency characteristics, anyway. 
LINE SYNC ARRANGEMENTS 

At present, the planned receiver has a 
double line sync system. This consists of a 
triggered line oscillator (to achieve timing 
accuracy) followed by a phase-locked loop 
(to achieve noise immunity). The burst gate 
is fed from the triggered oscillator, and the 
ident flip-flop is clocked by pulses from the 
PLL. This arrangement enables accurate 
burst gate timing, together with freedom 
from false triggering of the PAL switch by 
noise pulses. 

OVERALL CIRCUIT DEVELOPMENT 

The normal procedure for developing new 
equipment is first to design the circuit that 
we hope will perform the function required. 
The next step is to make a rough ‘mock-up’ 
of the circuit and check its actual operation 


against its calculated performance. A 
circuit may not do all that is hoped for it, 
and modifications may be necessary. Quite 
often, a particular circuit section may be 
unsatisfactory for one reason or another, 
thus necessitating a re-design of that 
particular portion. Then there are com¬ 
ponent tolerance and temperature tests 
etc. 

My usual technique for building 
prototypes is to string the components 
together between tagstrips, which are in 
turn soldered to a conducting base such as a 
sheet of un-etched PC card. This forms a 
convenient earth plane, and the overall 
structure bears the very apt title of a ‘rat’s 
nest’. However, it has the advantage of 
having no fixed form, so that drastic 
changes tp the circuitry may be im¬ 
plemented with little effort. Once the circuit 
is performing reliably in this state, a PC 
card must be prepared. However, if the 
circuit is to be capable of easy reproduction 
readily available components must be 
chosen for the PC card. The characteristics 
of these components may vary slightly from 
those used in the lab. prototype, and also 
trouble may be experienced with track 
layout and track impedances, especially in 
the VHF spectrum. And there are the 
inevitable errors in track placement and 
component mounting centres, so that 
several issues may be necesssary before the 
board is completely satisfactory. 

The circuits presented in this article have 
been taken to the ‘rat’s nest’ stage, and in 
that form they were completely satisfac¬ 
tory. PCC layouts have also been prepared, 
but component shortages have slowed up 
the testing programe. For this reason, the 
constructional details have been held over 
for inclusion in part 2. For the reasons 
outlined previously the final circuit may 
differ slightly from that presented here. If 
changes are necessary, they will be fully 
documented. 

CONSTRUCTION 

The decoder is contained on two single 
sided PC cards. The chroma separation, 
burst gate and subcarrier generation cir¬ 
cuits are on one card, and the ident 
recovery, PAL switch and synchronous 
demodulators are on the other. For the sake 
of convenience, the former will be referred 
to as the SUBCARRIER card, and the latter 
as the DEMODULATOR card. All com¬ 
ponents are readily available, with the 
exception of the crystal which may be or¬ 
dered from such firms as Bright Star 
Crystals Pty Ltd and Hy-Q Electronics Pty 
Ltd. 

In a typical domestic receiver situation, 
the only front panel adjustment would be 
the saturation control. The colour lock 
control would be a ‘back-of-cabinet’ type, 
and the remaining pots would be on the PC 
cards, which are drilled to take either 
preset tab potentiometers or wires. 
ALIGNMENT 

Since the decoder would normally be 
operated with its associated RGB output 
unit, the alignment procedure for both 
sections will be included in part 2, after the 
RGB output unit has been described. The 
only instruments required are a CRO with a 
known response at 4.43 MHz, and a source of 
colour video signals. This should ideally be 
a colour bar or rainbow generator, 
although ordinary program material can be 
used because both the decoder’s 90° (R-Y) 
phase shift and the RGB output unit’s (G-Y) 
matrix proportions are determined by 
circuit constants. 

(To be continued) 
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fs your air dean? is your gas leaking? 

An electronic 
Gas Detector 


The human nose is probably still the best gas detector we have, yet there are 
many applications where an electronic gas detector would be very handy. 
Now, for the first time, there is available a semiconductor gas sensor which 
enables us to present this electronic gas detector. 


The number of applications for gas 
sensors must be almost as long as the list of 
gases. But some of the more important 
applications are as an automotive exhaust 
analyser, petrol vapour detector for boats, 
gas leak detector, carbon monoxide 
detector, air pollution meter, paint dryness 



indicator and even as a breathalyser! 

Of the above applications, perhaps the 
exhaust analyser and petrol fume detector 
for boats are the most often requested 
projects from our readers. But whatever 
the application, it has only recently become 
possible to design any circuitry to do the 
job. 

Previously, exhaust gas analysers and 
other gas detecting instruments used the 
heat generation from catalytic reaction on a 
hot wire (platinum). However, these types 
of instrument are very expensive and have 
short life expectancy. 

Our instrument is designed around a new 
type of semiconductor device known as a 
Taguchi Gas Sensor (TGS) developed by Mr 
N. Taguchi of Japan and marketed by 
Figaro Engineering Inc of Jajjan. The TGS 
responds to certain gases, vapours and 
smoke particles. While it cannot distinguish 
between different gases it can record the 
relative concentration of a contaminating 
gas in air. 

The TGS is a sintered n-type semicon¬ 
ductor device which is composed mainly of 
tin dioxide. Its conductivity varies widely 
when it comes into contact with a com¬ 
bustible gas such as hydrogen, methane, 
ethane, propane, alcohols, petrol, carbon 
monoxide and so on. 

Embedded in the semiconductor chip are 
two heating coils made of an alloy of iridium 
and palladium and with a resistance of 
approximately 2 ohms. Only one filament is 
used to heat the chip, while the other is used 


merely to make electrical contact to the 
chip. 

When a gas such as propane is adsorbed 
by the surface of the chip, the chip 
resistance is reduced accordingly. The heat 
from the filament is required to convect the 
contaminant through the sintered porous 



-(g)-GAS DETECTOR 


by LEO SIMPSON 


structure of the chip and to drive the gas off 
(de-adsorb) when the source of con¬ 
tamination is removed. 

Resistance change in the presence of a 
contaminating gas can be very marked. In 
clean air, the chip resistance may be 
anywhere from 10k to 50k but it will fall to 
less than a twentieth of this value when the 
concentration of propane in air is as little as 
1000 parts per million. Similar changes 


occur for the other gases we have listed. 

Refer now to the circuit. It is merely a 
simple bridge with the TGS forming one 
resistance leg. Normally, the bridge is 
balanced with the aid of the 10k poten¬ 
tiometer so that the meter indicates zero. 
When the chip resistance drops due to the 
presence of a contaminating gas, the meter 
indicates accordingly. 

Our circuit uses batteries but the chip is 
not polarised so it can be connected either 
way around and the filament can be heated 
by AC. The heater consumes between 600 
and 800 milliamps at 1.2 to 1.5 volts. 

When the circuit is first turned on the 
meter pointer will move well up scale and 
then fall slowly back. This is because the 
sensor adsorbs contaminating gases in the 
air while it is not in use and these must be 



Above is the prototype Gas Detector with the TGS (Taguchi Gas Sensor) mounted in an 
aluminium pill can. Below is the circuit which is very simple to build. 
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WHEN , 
SECONDS 
REALLY COUNT 

RELY ON DIGEEC 


6 Digit $60 plus SALES TAX where applicable. 

Stop Clock or Time of Day Clock. 

Locked to mains frequency. 

Quartz Crystal Models also available. 

Fully solid state with LSI MOS logic. 

Seven segment planar neon displays gives «asy viewing from 30 feet 
even in a fluorescent lit room. 

Switchable from 12 to 24 hour systems. 

ENQUIRE FROM 

AUSTRALIAN TIME EQUIPMENT PTY LTD 

192 PRINCES HIGHWAY, ARNCLIFFE 2205 
PHONE 59 0291 

RABLEC ENGINEERING PTY LTD 
255 HAY STREET, SUBIACO, WA 6008. 

PHONE 81 2866. 

ALSO AVAILABLE FROM AGENTS IN OTHER STATES. 



PAL 

COLOUR BAR 
GENERATOR 


SPECIFICA 770A/S/* CROSSHATCH *GREYSCALE 
‘COLOUR BARS (Standard 100% Amplitude, 95% Saturation) *RED 
SCREEN *WHITE SCREEN ‘VIDEO OUTPUT (Positive or Negative 
Polarity, adjustable to 3.5v p-p) *VHF OUTPUT (Set at channel 
1—externally adjustable) ‘BURST CONTROL (Adjustable from o% 
to 200%). ‘CANCEL SWITCHES (Allows for removal of Y 
(Luminance), U(B-Y) or V (R-Y) components of composite signal.) 
‘SOUND CARRIER (5.5MHz plus FM of IKHz.) ‘OSCILLOSCOPE 
SYNC PULSE (Advanced 1 uS to display leading edge of Horizontal 
Sync Pulse) ‘HORIZONTAL & VERTICAL SYNC & 
BLANKING. ‘WEIGHT 71b. ‘DIMENSIONS 5” x 7” x 8”. 

A compact portable unit designed for "in the field” and workshop 
service—attractively finished in brown hammertone. 

UNBEATABLE VALUE AT ONLY $220.00 + S/T. 

This introductory price cannot last so ORDER NOW as stocks are 
limited due to shortage of components. 

Iclajeinaui:! ELECTRONICS 

28 MILLER STREET, SEACOMBE GARDENS, STH. AUST. 5047 PHONE 296 5529 


driven off by the heater before the chip 
resistance rises to its normal “clean air” 
value. 

.The time taken for the contaminating 
gases to be driven off, or the effective 
“warm-up” time, varies according to the 
TGS type. 

For detecting combustible gases such as 
coal gases, petrol vapour, alcohol and other 
hydrocarbon gases, type 308 is used. This 
has a fast warmup time and is ready for use 
in two minutes or less. 

Type 202 will detect all the above gases 
plus carbon monoxide and smoke, but it has 
a long warm-up time of five minutes or 
more, depending on the length of time since 
it was last used. 

Either TGS type may be used in the 
circuit described here without modification. 
It is possible to shorten the warm-up time of 
the type 202 by switching both its heaters in 
parallel at initial switch-on. 

TGS units are distributed in Australia by 
the component division of Tecnico Elec¬ 
tronics and by Mode Electronics Company, 
PO Box 365, Mascot, 2020. Mode Electronics 
supplied samples for the preparation of this 
article. We assume that all major kit 
suppliers will have stocks of TGS units in 


PARTS LIST 

1 chassis (see text) 

1 meter movement, 500uA or 1mA 
sensitivity 

1 Eveready 216 9V battery plus con¬ 
nector 

4 Eveready 950 "D" 1.5V cells 
1 seven lug length of miniature tag board 
1 DPST toggle switch 
1 Figaro TGS 202 or 308 gas sensor 
1 seven-pin valve socket 
1 x390 ohm, 1 x 3.9k, 1 x 8.2k, 'AWor 
'A W resistors 
1 battery clamp (see text) 

1 metal pill case (see text) 

1 grommet 
MISCELLANEOUS 

hook-up wire, screws, nuts, washers, 
solder, Letraset. 


due course but in the meantime they can be 
supplied by Mode Electronics Company. 
Refer to page 122 in this issue for their 
advertisement. 

There are quite a few approaches that can 
be taken when building our gas sensor. We 
have taken a very simple approach in 
building the prototype. If reader interest is 
sufficient we may present a more complex 
circuit capable of more critical use. 

As shown in the photographs, the 
prototype is built on a simple L-shaped 
aluminium chassis 205mm wide, 100mm 
high and 100mm deep. Battery power is 
used. For the 9V source we used an 
-Eveready 216 battery. For the 1.5V source, 
bearing in mind the considerable current 
required, we used four Eveready 950 “D” 
size cells wired in parallel. 

There seems little point in using more 
expensive cells or even a single large 1.5V 
cell. The 950 is well suited to continuous 
heavy discharge and is relatively cheap. 
Since we could not obtain a suitable battery 
holder at the time of writing we simply 
soldered the cells directly in parallel with 
hook-up wire. A clamp for five batteries was 
made from a length of aluminium bent to 
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Rear view of the Gas Analyser showing how the batteries are mounted. 


shape with the aid of a vyce and an old bat¬ 
tery as a former. 

A small 1 milliamp movement serves as 
the meter. Other meters can be pressed into 
service if they are on hand. For example, a 
500uA movement can be used if the 6.8k 
resistor is increased to 12k. We have not 
bothered to calibrate the meter, as a known 
gas mixture is required if the calibrations 
are to mean anything. But this could cer¬ 
tainly be done if you have the facilities. 

A iok potentiometer is used to zero the 
meter in a “clean” air mixture. While we 
mounted the potentiometer on the front 
panel, there is no reason why a small 
preset pot cannot be used. Once the pot is 
initially adjusted to suit the sensor there 
should be little need to adjust it apart from a 
“tweak” every now and again. 

Since there are two voltage sources in the 
circuit, a double-pole switch must be used. 
In the prototype, we used a miniature toggle 
switch wired for double-pole, single-throw 
operation. Since these small switches have 
a current rating of several amps, there is no 
problem in this regard. 

For convenience, the three resistors in the 
circuit are mounted on a length of miniature 
tagboard on the back of the meter 
movement. The mounting holes of the 
tagboard were enlarged slightly to allow the 
board to be mounted on the back of the 
meter. 

While we have made the prototype self- 
contained with its own batteries, it can be 
powered externally. For example, it can be 
run from a 12V boat or car battery. In this 
mode, the bridge circuit may be run 
directly from 12V while the heater filament 
is powered via a 22ohm lOwatt resistor. 

Alternatively, the circuit can be powered 
from the 240V AC mains via a 6.3V trans¬ 
former. The heater filament can be run 
directly from the 6.3VAC via an 8.2ohm 5 
watt resistor. At the same time, the 6.3VAC 
can be half-wave rectified by a single diode 
and then filtered with a 470uF 7 / 8 12VW 
electrolytic capacitor to provide 9 volts DC 
for the bridge circuit. 

The TGA sensor for the prototype was 
mounted on the end of a suitably long cable. 
This enables it to be mounted remotely to 
the meter so that it can monitor the bilges of 
a boat, exhaust gases, poisonous gases and 
so on. It can safely monitor explosive gas 


mixtures, since the double 100-mesh gauze 
covering the chip is proof against ex¬ 
plosions. 

Spacing of the four pins of the TGS sensor 
enable it to fit neatly into a seven-pin valve 
socket, which is what we used. It can be 
supplied with a special four-pin socket but 
this is only suitable for mounting on a 
printed circuit board. We mounted the 
seven-pin valve socket and sensor on the 
end of an aluminium pill container. 

The three wires from the socket run 
through a grommet in the lid of the pill 
container. The wires are twisted together to 
form a neat cable. At the chassis end they 
are firmly secured with the aid of the 
battery clamp. 

Around the home, the prototype Gas 
Detector could have a variety of worthwhile 
applications. For example, it will respond 
very rapidly if a gas stove is turned on 
without lighting it — useful in a home where 
small children often turn on the gas taps. In 
this sort of application the Gas Detector 
would have to be mains powered to give 
round-the-clock monitoring. 

A prime use for the Gas Detector would be 
as a petrol fume detector on a boat. The 
sensor can be mounted remotely in the bilge 
while the meter is mounted on the in¬ 
strument panel. A routine would have to be 
followed though — always turn on the 
detector (using type 308) a few minutes 
before starting the engine. But it would be 
foolish to rely absolutely on this device as a 
defence against explosions — the bilge 
should be kept well ventilated. 

The Gas Detector can also be a useful aid 
in setting the idling mixture of an 
automobile, although remember that it 
gives comparative results only. And the 
engine must be warmed up properly before 
the mixture can be adjusted. 

At a party, the Gas Detector can be used 
as a novelty breathalyser. It gives a strong 
indication if a person has been consuming 
alcohol, even odourless drinks like vodka. It 
can give a false indication, though, when a 
person breathes hotly into the sensor as this 
raises the sensor temperature slightly 
which gives a slight change in its 
resistance. 

At the same time, we do not suggest that 
you have a drink just to test out the Gas 
Detector. ® 



off the 
presses 

Write for 
your copy 
now 


TO: ELECTRONICS AUSTRALIA: 
P.O. BOX 163, BEACONSFIELD 
2014. 


Please send me . copies of 

BASIC ELECTRONICS at f2.40 posted within 
Australia. $2.00 plus postage to overseas 
buyers (plus estimated for 320gms posted 
weight!. Please enclose only a cheque, money 
order. Australian Postal Order, etc.. NOT 
CASH. 


NAME. 


ADDRESS. 


POST CODE 

(Please print) 


A SPECIAL 10% DISCOUNT is available on 
single copy rale for bulk buyers of not less than 
12 copies to radio clubs, youth groups. Please 


ELECTRONICS Australia, June, 1974 


51 
















Experimental bridge type 


ohmmeter 


Here is an interesting experimental proj 
and advanced workers alike; a simple 
form of null indicator. The circuit wou 
other applications. 

by DAVID 

Following the description of our most 
recent RC Bridge (March 1974) there was 
some discussion in our laboratory con¬ 
cerning bridge circuits in general and the 
manner in which they can be modified to 
perform specific functions. The discussion 
considered in particular the various forms 
of null indicator available and their 
suitability for unskilled operators who, 
ideally, need an unambiguous “high” or 
“low” indication or, in some cases a simple 
“go” or “no go” indication. 

Arising out of this was the circuit we are 
about to describe; a null indicator based on 
an operational amplifier IC (uA741) and a 
pair of light emitting diodes. Not only is it a 
novel circuit but, as far as we know, also an 
original one. More importantly, it would 
seem to have considerable potential in 
many applications, particularly those in¬ 
volving unskilled operators, as already 
mentioned. 

Fig. 1 is a simplified explanatory circuit, 
in which the operational amplifier is being 
used as a comparator. If the voltage at the 
non-inverting input is higher than that at the 
inverting input, the op amp will saturate, 
and the output voltage will rise to a value 
close to that of the positive supply rail, Vcc. 

This will forward bias one of the light 
emitting diodes, which will give a visible 
indication, and reverse bias the other diode, 
which will not emit. 

When this situation is reversed, and the 
voltage at the inverting input is higher than 
that at the non-inverting input, the op amp 
will saturate in the reverse direction, and 
the output voltage will fall to a value close to 
that of the negative supply rail, — Vcc. This 
will forward bias the other light emitting 
diode, and reverse bias the first one. 

•Since the op amp has a very high gain, the 
change-over between the two conditions will 
occcur very rapidly and over a very small 
range of differential input voltages. Thus 
the null of the bridge will be indicated by the 
point at which the two LED’s change from 
off to on and vice-versa. 

To prove the circuit, we made up a simple 
bridge network similar to that shown on the 
left hand side of Fig. 1. It is, in fact, a 
perfectly standard arrangement such as 
used in the March, and earlier, bridges. 

It consists of a lk linear pot, a set of three 
standard (close tolerance) resistors, a 
battery, and provision to connect the 
unknown resistor (Rx). Thelk pot forms a 
pair of resistors whose ratio is variable over 
a wide range although, in practice, we limit 
this range so as to provide a practical scale. 
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set which should appeal to beginners 
bridge type ohmmeter using a novel 
Id also lend itself to a wide range of 


EDWARDS 


From the mid position of the moving arm, 
which represents a 1 to 1 ratio, we provide 
for an extremity of 100 to 1 in either direc¬ 
tion. 

The three standard resistors are 100 oh¬ 
ms, 10k and 1M. In conjunction with the pot 
movement just discussed, this gives a range 
of measurement from at least 10 ohms to 
10M, beyond this with some limitations, and 
with useful overlap between ranges. 

After ironing out a few minor problems 
we came up with a circuit which we feel is 
worth passing on to readers. As presented it 
is a simple battery operated bridge, using 
relatively few low cost components, but 
capable of quite useful accuracy. It would 
seem to be an ideal project for YRCS groups 
or similar organisations. 

Alternatively, by using closer tolerance 
components, it can be upgraded to provide a 
much higher order of accuracy, but at some 
increase in cost. And for the really keen 
experimental types there is an almost 
unlimited scope, for its exploitation in 
automatic control circuits. 

The practical circuit is shown in Fig. 2, 
and is worth discussing in some detail. The 
741 op amp requires nominal voltages of 
plus and minus 15, but it will work quite 



The front panel of the bridge, prepared on a 
piece of card. Calibration points are 
calculated as explained in the text. 


avoid this, limiting resistors are connected 
in series with the bridge. To keep the input 
voltages to the op amp centered about zero, 
equal value resistors are fitted at the top 
and bottom of the bridge. 

These resistors also limit the current to 
the op amp inputs, so that it is not necessary 
to provide separate input resistors. A 
protective resistor is required for the 
LEDs, to keep the forward current within 
the maximum allowable. Because the two 


Fig. 1. Simplified diagram 
showing the basic bridge 
configuration. Note that the 
Ik linear pot provides two of 
the four resistors making up 
the bridge. The other two are 
the unknown resistor and 
one of the standard resistors 
selected by the range switch. 



satisfactorily for our purpose from voltages 
as low as plus and minus six. Since 9V 
batteries are readily available in con¬ 
venient sizes, we elected to use two of these. 

This gives us a total of 18V, which also 
becomes the power supply for the bridge. 
The latter should be as high as possible 
when high value resistors are being 
measured, otherwise current due to ther¬ 
mal noise in the resistors may be com¬ 
parable with the current due to the supply. 

On the other hand, a high supply voltage 
causes problems when low values of 
resistance are being measured, as the 
battery drain increases enormously. To 


diodes ae back to back it is 
exceed their reverse voltage rating. 

When the prototype was constructed, 
some trouble was experienced with 
oscillation at the null point. This took the 
form of cycling between the LEDs, which 
made both LEDs appear to be on at the 
same time. This was prevented by using a 
luF capacitor to provide negative feedback 
from the output to the inverting input. 

In order to prevent oscillation if the wiper 
arm of the pot should become dirty and go 
open circuit, it is necessary that the wiper 
arm be connected to the inverting input, and 
not the non-inverting input. 
















The circuit does have one minor disad¬ 
vantage. Because the null indicator 
operates from the same supply as the 
bridge, and because there will be some 
leakage between the op amp input ter¬ 
minals and the supply rails, there will be 
some error introduced into the null in¬ 
dication at higher resistance values. In 
practice this is insignificant up to about 
10M, which should be regarded as the upper 
limit for accurate measurement. 

The only close tolerance components are 
the three standard resistors. We used 1% 
types but, if these are not available, it may 
be possible to trim 5 or even 10% types to the 
correct values. To ensure stability with 
respect to temperature, only good quality 
components should be used. 

We constructed our unit on a panel 
measuring 111mm x 161mm, which hap¬ 
pened to suit a box we had on hand. Since 
the size of the panel and the type of box is 
not critical, -we suggest that the reader 
make his own choice in this regard, 
possibly also using something which is on 
hand. 

A good idea of the panel layout and 
general assembly can be obtained from the 
photographs. The pot is in the top centre of 
the panel and the two switches and the 
unknown resistor terminals at the bottom. 
The LEDs we used fit neatly into a y 8 in hole 
and we mounted them at the top of the 
panel, about 20mm apart, where they are 
easily seen. 

The only other piece of metal work is a 
simple battery clamp made from a scrap of 
aluminium. It is roughly “U” shape, but 
with wings extending outwards from the 
uprights of the “U”. One 9V cell is held 
under each of these wings, but they also 
support a piece of veroboard on which is 
mounted the IC and other minor com¬ 
ponents. The bracket and the veroboard are 
clearly visible in the photograph. The 
bracket is fastened to the front panel by the 
pot, avoiding the need for unsightly screws. 

We mounted the three standard resistors 
on the back of the single pole three position 
range switch. It was necessary to add a 
dummy terminal to the switch, to provide 
the common point for the resistors, by at¬ 
taching a solder lug to a spare hole for¬ 
tunately provided. Alternatively, there is 
ample room to mount the resistors on the 
veroboard with the remainder of the 
components, although this will entail 
running more wires to the switch. 

The 741IC we used was in a 14 pin dual-in¬ 
line package. These devices are also 
available in an 8 pin dual-in-line package 
and in an 8 lead metal can. All are suitable 
for use in the bridge. We used veroboard 
with the correct hole spacing to suit the 
dual-in-line package. 

In order to reduce the height needed for 
the op amp, we mounted it directly on the 
veroboard. As only pins 4, 5, 6,10 and 11 are 
used, we did not solder the remaining pins 
to the veroboard. This makes it easier to 
remove the op amp if necessary. Take care 
not to damage the IC while it is being 
soldered, due to excess heat. It is a good 
idea to leave it to the last to solder in. 

As shown in the photographs, the IC and 
the remaining three resistors are mounted 
on top of the veroboard. The LED’s and the 
luF capacitor are mounted underneath. 
This saves space, in the case of the 
capacitor, and enables the LED’s to fit into 
their mounting holes in the front panel. The 


veroboard is attached to the battery 
mounting clamp using two self-tapping 
screws and some washers for spacers. 
Leave sufficient clearance under the board 
to avoid shorts to the battery case. 

We chose to polarise the unknown resistor 
terminals by selecting one red and one 
black. While resistors are not normally 
polarised, the bridge may be used in other 
applications, such as checking the forward 
and reverse leakage of a diode. The red 
terminal should indicate positive. 

We used pointer knobs for the two rotary 
switches and a larger round knob for the 
potentiometer. To this we added a clear 


plastic pointer, fastened to the bottom of the 
knob with a strong epoxy glue. Make sure 
that the line on the pointer is truly radial 
and in line with any lines or arrows already 
on the knob. 

Finally, there is the matter of a scale. In 
the case of previous bridge projects we have 
been able to publish a calibrated scale and 
supply details to any firms wishing to 
supply etched labels. We are deliberately 
avoiding this approach on this occasion for 
a number of reasons. 

Such a scale is valid only if the pot used by 
the builder is identical with that used in the 
prototype. This means, in practice, nothing 



9Veach side of a centre tap, serves both the bridge and the IC. 



Fig. 3. Wiring diagram showing the general layout of components and the pattern of the 
Veroboard. Layout is not critical and almost any other physical arrangement would be ac¬ 
ceptable. All components mount on the panel, simplifying the choice of a box. 
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OP. AMP BRIDGE 


less than a wire wound type of the same 
make and model. Unfortunately, wire 
wound pots are quite expensive and, to keep 
the cost down in what is, after all, mainly an 
experimental project, we used a linear 
carbon pot, which is a good deal cheaper. 

Unfortunately, carbon pots, as a class, 
introduce two unwanted variables. They are 
not necessarily as linear as the wire wound 
type, even from unit to unit of the same 
model, and the angle of rotation varies from 
make to make. Thus, a scale prepared for 
brand “A” will not necessarily suit brand 
“B”. 

The pot we used was a “Soanar” brand, 
No. 7222 and, if readers are able to obtain 
this same make and model they will at least 
have the same angle of rotation. But the 
linearity is another matter. 

Because of these variables, the best 
approach is to make one’s own scale; an 
interesting exercise in its own right. There 
are two approaches. One is direct 
calibration against a large number of close 
tolerance resistors, ideally one for each 
calibration mark. 

The other is direct calibration of only two 
points, one at each extremity of the scale, 
and all other points by calculation on the 
assumption that the pot is linear. 


PARTS LIST 

1 uA741 op amp, or equivalent 

1 red LED's, CEMA RL209 or similar 

2 Ik % watt resistors 

1 100 ohm 1% 'A watt resistor 
1 270 ohm, 'A watt resistor 
1 10k 1% ’A watt resistor 
1 1M 1% 'A watt resistor 
1 Ik linear pot 

1 luF capacitor 

2 9V batteries with dips, "Eveready" 
216 or similar 

2 terminals, 1 red, 1 black 

1 2 pole 2 pos rotary switch, MSP No 
AK 19202 or similar 
1 1 pole 3 pos rotary switch, MSP No 
AK 19207 or similar 

3 knobs to suit (see text) 

vero board, scrap aluminium, hookup 
wire, solder, self-tapping screws, 
white card, 5mm spacers, solder lugs, 
screws and nuts, small piece of clear 
plastic. 

Note: resistor wattage ratings and 
capacitor voltage ratings are those used 
in our prototype. Components with 
higher ratings may generally be used 
provided they are physically compatible. 
Components with lower ratings may also 
be used in some cases, providing ratings 
are not exceeded. 


Obviously the first would be the more 
accurate, but is seldom practical. The 
second is more practical, but leaves the 
accuracy at the mercy of the pot linearity. 
We used the second method. 

For this method we require three close 
tolerance resistors, lk, 10k and 100k, a 
protractor, and ordinary drawing in¬ 
struments. The first job is to determine the 
angle between two selected values near the 
extremities of the pot rotation. Place a 
scrap of paper on the panel where the scale 
will finally fit and secure it with sticky tape. 
Fit the pointer so that it swings ap¬ 
proximately evenly each side of centre. 
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This setting is not critical at this stage. 

Set the range switch to 10k and note the 
positions at which the lk and 100k resistors 
are nulled. The lk should null near the 
furthest anti clockwise position, and the 
100k near the furthest clockwise position. If 
these positions are reversed, reverse the 
outside connections to the pot. 

Remove the pointer and the piece of paper 
and, with the protractor, measure the angle 
between the two marked points. This will be 
easier if the centre of the pot can be 
marked, using lines at right angles, before 
the paper is removed from under the 
pointer. The angle should be about 200 
degrees. 

Let us call this angle W. Then, if s is the 
fraction or multiple of 1 by which the 
standard has to be multiplied, and p is the 
angle in degrees that actually corresponds 
to this value of s, we can say p = 0.611 x W x 
(s — l)/(s+l). This formula enables the 
values of p to be calculated from the values 
of s. The angle p is measured from the 
vertical, which corresponds to the position s 
= 1, p = 0. The angles are measured 
positive clockwise and negative anti¬ 
clockwise. 

As an example, we have calculated the 
angle at which the scale marking “0.5” 
would be placed. We have taken the 
measured value W as 200. 
p = 0.611 X 200 x (0.5 — 1) / (0.5+1) 
p= 122.2x <0.5 —1)7 (0.5 + 1) 
p = 122.2 x (—0.5) / (1.5) 
p = 122.2 x (—0.333) 
p _ -40.74 degrees 

This means that the scale point marked 
“0.5” should be positioned 40.74 degrees 
anti-clockwise from the centre of the scale. 

These calculations will be much easier if 
a slide-rule or a calculator can be used, as 
well as being much less prone to error. 

Once the values for the scale have been 
obtained, the scale can be drawn on a 
suitable piece of white card. We made the 
scale with a diameter of 80mm, the major 
graduations 6mm long, and the minor 
graduations 3mm long, using India ink. 
Black ball point pen would provide an ac¬ 
ceptable substitute for ink. We used rub-on 
lettering to mark the major points on the 



The bridge is built on the front panel. Note 
the bracket which serves as both a battery 
damp and support for the wiring board. 
scale, and also to label the functions of the 
rotary switches. 

When the scale is finished, suitable 
cutouts must be made for the pot and switch 
shafts, the LED’s and the terminals. With 
the scale fitted, the pointer can be attached 
to the pot shaft, and correctly aligned with 
the scale. This is done using the 10k close 
tolerance resistor, with the range switch on 
the 10k range. The pointer should be at¬ 
tached to the shaft so that when the bridge is 
balanced, the pointer reads 1.0. Provided 
there are no serious linearity errors in the 
pot, the scale should then be accurately 
calibrated for all ranges. 

Care should be exercised in regard to 
battery life. The current consumption is 
highest on the lowest resistance range, and 
unlike an ohm-meter, current is consumed 
even when the unknown terminals are open 
circuit. Fortunately, the LED’s give a 
visible indication that the power has been 
left on. Otherwise, due to the intermittent 
nature of the current drain, battery life 
should be quite long. 
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Low cost, compact 
home stereo system 


Here is a new low-cost stereo amplifier design, forming the basis of an 
economical, high quality stereo system. At the heart of the design is a new 
audio power 1C from Texas Instruments, capable of delivering sufficient 
power for a compact domestic situation. 

by DAVID EDWARDS 


When integrated circuits capable of 
delivering a reasonably high level of audio 
power output appeared on the scene about 
four years ago, they had an immediate 
appeal. Requiring only a handful of external 
components to form a complete amplifier, 
they were ideally suited for a wide range of 
utility audio applications. 

In Australia one of the most widely used 
of these devices has been the Plessey type 
SL403D, and one of its most popular ap¬ 
plications has been in low-cost stereo 
amplifiers designed to mount directly under 
a record player turntable in the wooden 
plinth. The last design of this type described 
in Electronics Australia was the 
Playmaster 137 design in March 1973, of 
which very large numbers have been built. 
With a power output of 3 watts RMS per 
channel and full bass and treble facilities, it 
can sound quite impressive when fed into 
reasonably sensitive loudspeakers. 

Unfortunately like so many other projects 
published by ourselves and other 
magazines, the Playmaster 137 design has 
not remained untouched by the current 
parts supply difficulties. In particular, the 
Plessey SL403D device itself has become 
rather scarce, so that while the March 1973 
design is still quite up-to-date, it is currently 
not a project which one can start upon with 
the confidence that it can be speedily 
completed and put into operation. 

Realising that this was the case, we were 
interested to learn recently from Kitsets 
Australia Pty Ltd that they had been ap¬ 
pointed distributors for Texas Instruments 
semiconductor devices, and that among the 
TI devices which they had to offer was a 
new audio power IC. This is the SN76023, a 
device in a modified 16-pin dual in-line 
plastic package fitted with a fan-shaped 
extruded heatsink. 

Using two of these devices we have 
designed a small stereo amplifier, with full 
bass and treble controls, suitable for 
mounting either under a plinth or in a 
suitable cabinet. Almost all of the circuitry 
is contained on a single printed circuit 
board, which follows the same basic format 
as the board used in the Playmaster 137. 

The version presented in this article is for 
plinth mounting. A version with the board 
mounted in a case is planned to appear in 
the near future, and will be of similar design 
to the Playmaster 137. 

Unlike the 137, we have not combined the 


balance control with the on / off switch. 
Instead, we have repositioned the balance 
control near the volume control, as this 
gives a more logical layout of the printed 
circuit, and we have provided a separate 
toggle switch to provide the on / off func¬ 
tion. This means that there is less chance of 
hum pickup, as the 240VAC wiring can be 
kept away from the input circuitry. 

A 3-pole 3-position rotary switch is used to 
select the input to the amplifier. One 
position selects ceramic cartridge, another 
an auxiliary input, while the third gives 
provision for replay from a tape recorder or 
tape deck. This connection is made via a 
standard 5-pin DIN connection cord. Most 
modern tape recorders and tape decks have 
this facility. Provision has also been made 
to enable recordings to be made from either 
records or the auxiliary input. 

This has been done by connecting the 
outputs of the amplifier to the tape DIN 
socket. Because of the configuration of the 
circuit used, it was not possible to take the 
signal from the usual point in the circuit, 
which is before the balance and tone con¬ 
trols. This is because the SN76023 is used in 
a configuration similar to that of an 
operational amplifier — with feedback, 
incorporating the bass and treble controls, 
applied from the output to the input 
directly. 

As a result of this, we were forced to use 
the same signal as is fed to the speakers. 
This means that while any recording is 
taking place, the tone controls must be set 
at the flat positions, and all the controls left 
in the positions occupied at the beginning of 
recording. In particular, the volume control 
must not be altered during recordings. We 
have provided trimpots to attenuate the 
recording signal so that at normal listening 
levels, the signal level is suitable for the 
tape machine being used. 

We have relied on the switching in the 
tape machine to reject the output signal of 
the amplifier during playback. This is a 
normal function of a tape machine, 
necessary in order to prevent oscillations 
from occurring. 

Another facility that we have provided is 
a headphone socket. This has been wired so 
that the speakers are automatically 
disconnected when a pair of headphones are 
plugged in. Attenuating resistors are used 
so that the sound level in the headphones is 
subjectively the same as that of the 



The completed prototype fitted to a BSR 
Mode / G11202 turntable is shown above, 
whilst the full circuit details are shown on 
the facing page. 


speakers. A further bonus is that the signal 
is fed to the tape recorder when the head¬ 
phones are used, so that if it is required to 
record without using the speakers, it is a 
simple matter to plug in the headphones or 
a dummy plug. 

The headphone socket, power switch and 
pilot light are located on the front panel of 
the amplifier, while the speaker and DIN 
sockets are located on the rear panel of the 
plinth. 

The turntable we elected to use was a BSR 
model No G11202, with a matching wooden 
plinth fitted with a hinged perspex cover. 
The cartridge fitted was a typical ceramic 
model. 

The transformer we have elected to use is 
one of the new low height range made by 
Ferguson. The recommended voltage for 
Ihe SN76023 is specified as 28V maximum. 
Theoretically, a 20VRMS transformer 
coupled to a full wave silicon bridge rec¬ 
tifier would give a no-load voltage of 27.1 
volts, allowing for a 1.2 volt drop in the 
bridge, which would be within the allowable 
limits for the SN76023. Unfortunately, due to 
the rather poor regulation of low-profile 
transformers, such an arrangement gives a 
much higher no-load voltage. As a result, 
we found it necessary to use a lower voltage 
transformer. 

Our choice was the PF3598 transformer, 
which has two 9 volt secondaries, rated at 
1.1 amps each. We connected these in 
series, to give an 18 volt 1.1 amp rating. This 
gave us a no-load voltage of 26.5 volts, 
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although due to the poor regulation the full 
load voltage drops to 21 volts. These values 
are within the limits of the SN76023, but the 
low full load voltage does limit the power 
available. However the power produced 
with this transformer should be found quite 
sufficient for most purposes. A practical 
listening test in a normal home en¬ 
vironment proved this point. 

A larger transformer with better 
regulation could be substituted, but care 
must be exercised that under no cir¬ 
cumstances does the voltage applied to the 
SN76023 exceed 28 volts, the recommended 
maximum. 

On the circuit board, we have made 
provision for two filter capacitors. 
However, we found that a single 2500uF unit 
gave acceptable performance. Some im¬ 
provement to the peak power performance 
could be expected if a second such capacitor 
was used also, but this would be the only 
improvement, and a minor one at that. 

The amplifier has been designed to use 
only ceramic or crystal cartridges, as the 


sensitivity and input impedance are not 
suitable for use with magnetic cartridges. 
Provision on the circuit board has been 
made to mount the required compensation 
capacitors, if the unit is to be used only with 
the record changer. Since we have provided 
extra inputs, we have not mounted these 
capacitors on the board, but on the tag strip 
used to terminate the flexible leads from the 
cartridge on the underneath of the turn¬ 
table. 

The internal circuitry of the SN76023 is 
quite different from that employed in the 
SL403D as used in the Playmaster 137. The 
internal circuitry of the SN76023 consists of 
a differential amplifier, a constant current 
source and a power amplifier. The DC 
quiescent conditions are set up by the 
constant current source using an external 
resistor combination, with the output of the 
differential amplifier forming the input to 
the power amplifier. 

This configuration is similar to that used 
in operational amplifiers, so that the ex¬ 
ternal circuitry is also similar to that used 


with operational amplifiers. The input 
signal is applied to pin 1, the non-inverting 
input, and a feedback signal, frequency 
compensated by the tone control circuitry, 
is applied to the inverting input, pin 16. 
Input and output compensation is applied to 
pins 15 and 9 respectively. 

Pin 2 provides a reference voltage, which 
is coupled to pin 1 to set the quiescent 
voltage at the output (pin 6). 

There are two earths on the SN76023. Pin 3 
is the input earth and pin 14 is the output 
earth. In order that the circuit is stable, it is 
necessary that these earths be electrically 
separated. This has been done on the 
printed circuit board, and in order to obtain 
maximum performance, the wiring in¬ 
structions should be strictly followed. 

The SN76023 is recommended for use with, 
8 ohm speakers. Higher impedance speakers 
may be used, but with a consequent loss of 
power output. Speakers with an impedance 
of less than 8 ohms must not be used, as 
damage to the output transistors may 
result. 
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TEKTRONIX ANNOUNCES 
A NEW, LOW PRICE ]Q MHZ OSCILLOSCOPE 

"...it's sort of like Rolls Royce 
coming out with an economy model!” 



'Delivered. Plus Sales Tax if applicable. 


The D61 is a 10 MHz dual trace 
oscilloscope featuring rugged, 
all solid state construction. 

A minimum of controls 
make it extremely simple to use. 
Superb triggering qualities 
make the D61 ideal for 
discerning test engineers. 

Its compact size makes it easy 
to carry and it takes up little 
space on the busiest work bench. 
A lot of performance at a very 
reasonable price. 

Compare and you'll find the 
value of this unit is unequalled. 

TEKTRONIX? 

Tektronix Australia Pty. Limited 
80 Waterloo Road, North Ryde, 
N.S.W. 2113. 

SYDNEY 888 7066 
MELBOURNE 94 0229 
ADELAIDE 223 2811 


Tektronix have released 
this new D61 model in their 
Telequipment range. It's been 
specially designed for general 
purpose laboratory, educational 
and colour T.V. servicing 


applications. And its only 


DUTY 
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No automatic overload protection is in¬ 
corporated in the SN76023, but the massive 
design of the output transistors and the use 
of the large heatsink is claimed to give the 
device a life of greater than 10 years under 
normal use. A continuous output power of 5 
watts RMS is claimed over a temperature 
range from 0 to 70 degrees Celsius. 

The first step in the construction of the 
amplifier is to carefully inspect the printed 
circuit board for any possible faults, such as 
insufficient etching of the copper. Any 
shorts between adjacent connections should 
be carefully removed with a sharp razor 
blade or similar tool. 

The three straps on the top of the board 
can now be placed in position. We made 
them out of short scrap lengths of 22 gauge 
wire. Cut-off component leads make a good 
substitute, as well as being inexpensive. 
There is no need to insulate these con¬ 
nections, as there is no danger of short 
circuits occurring. 

The next step is to prepare the com¬ 
ponents for mounting on the board. The 
resistors and smaller capacitors should be 
mounted first, followed by the larger 
capacitors. The rectifier diodes and the 
integrated circuits should be the last 
components to be mounted, as these are 
most likely to suffer damage during this 
process. 

All the resistors should have their leads 
bent at right-angles to their bodies, with the 
exception of the 470 ohm 1 watt resistor, 
which should be mounted standing on its 
end. Care must be exercised during this 
process, as some of the resistors have a 
longer distance between their mounting 
holes than others. 

After all the resistors have been mounted 
on the board, a check should be made that 
no errors have been made. Once this has 
been done, the smaller capacitors can be 



The component overlay on the printed wiring board is shown above reproduced actual size. 
Below is a view showing the completed board mounted on its chassis in the plinth. 
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THE IMPOSSIBLE 
MULTIPLE HOOKERS 



E-Z-HOOK 

Here's graphic proof you can make three 
positive test connections to a single Wire 
Wrap* pin ... even with two or three 
wraps. E-Z-Hook's "hypo-action" extends 
and retracts gold plated mini-hooks to 
slide easily onto the pin or hook securely 
from any side. Our featherweight con¬ 
struction won't bend the pin! 

*Reg. T.M. Gardner Denver 


E-Z-MINI-HOOK 
WITH BUILT-IN FINGER-EASE 
WASHER 



CONSTRUCTION: BERYLLIUM COPPER, 
GOLD PLATED CONDUCTOR PER MIL 
G45204, NYLON BODY 
COLOURS: Red, Black, Blue, Green, 
Orange, Yellow, White, Brown, Violet and 
Grey. (Specify) 


AVAILABLE FROM LEADING 
WHOLESALERS 

or send direct to: 



99 ALEXANDER STREET 
CROWS NEST 
NEW SOUTH WALES 
Telephone: 439 2488, 439 2399 
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mounted on the board. Care should be taken 
that the electrolytics are mounted with the 
correct polarity. The large electrolytic 
filter capacitors may be left off the board at 
this stage, as they tend to obscure some of 
the smaller components. 

The four rectifier diodes can now be fitted 
to the board. Before doing so, bend their 
leads around in complete loops. This will 
help prevent mechanical and thermal 
stresses from causing the diodes to fail 
prematurely. The diodes must be mounted 
with the correct polarity — details are 
shown in the printed wiring board layout 
diagram on page 59. 

The next stage of the assembly is to 


mount the potentiometers onto the board. 
Cut 21 40mm lengths of 22 B & S gauge 
tinned copper wire, and solder these to the 
potentiometer lugs. These form the con¬ 
nections to the board. They must be suitably 
bent so that the shafts of the potentiometers 
will pass through the holes in the chassis 
when the board is placed in the correct 
position on the chassis. Once this has been 
done they may be soldered to the board and 
the ends trimmed to the correct length. 

Suitable lengths of hookup wire can now 
be soldered to the board, as shown in the 
wiring diagram. If these wires are colour 
coded, it will be easier to identify them at a 
later stage. A short piece of copper braid 
should also be soldered to the copper of the 
pattern near the speaker earth for the left 
channel. Once this has been done the in¬ 
tegrated circuits can be fitted to the board. 



This diagram shows details of the input and switch wiring and the power supply, headphone 
and speaker connections. The power transformer is mounted on the underside of the 
baseboard. 
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The SN76023 has its type number and the 
“Texas Instruments” trade mark printed 
on the top of the heatsink fin nearest to pin 1. 
It must be mounted so that this pin 
corresponds to pin 1 on the circuit board, 
which is marked with a “1” on the copper 
pattern. Do not mount the SN76023S using 
integrated circuit mounting sockets, as 
these tend to cause a deterioration in per¬ 
formance and stability. Solder them 
directly to the circuit board, using a hot 
soldering iron and a minimum of solder. It 
is not necessary to solder those pins which 
are not connected to the circuit (pins 7, 8 
and 11). 

The electrolytic filter capacitor can now 
be added to the board, ensuring that the 
correct polarity is observed. The board 
should now be thoroughly checked to ensure 
that all components have been fitted in the 
correct place and with the correct polarity. 
This is important, as a mistake could lead to 
failure of the SN76023S. 

The completed board is now ready to be 
attached to the chassis. This is done using 
four 10mm brass spacers with screws, nuts 
and lockwashers. The potentiometer shafts 
should be fitted through the corresponding 
holes in the chassis and the nuts and lock- 
washers supplied with them fitted. When 
this is done, the holes in the board should 
correspond to the holes in the chassis. If this 
is not so, bend the wire links holding the 
potentiometers onto the board. 

We used threaded spacers, and mounted 
the spacers onto the chassis using coun¬ 
tersunk head machine screws. These were 
let into the bottom of the chassis so that it 
could sit flush with the bottom of the plinth. 
We then used roundhead machine screws to 
attach the board to the spacers. The lock- 
washers were fitted under the spacers, so 
that the spacers were locked to the chassis. 
A solder lug should also be fitted to the 
spacer nearest to the copper braid from the 
board. 

The board can now be screwed onto the 
spacers, taking care that no short circuits 
occur between them and the copper pat¬ 
tern. The copper braid forming the main 
earth point can now be soldered to the lug. 

Before the selector switch is fitted, one 
pole of the connections should be shorted 
out. This will provide a common tie point for 
all the shields of the input cables. 

The switch can now be fitted to the 
chassis. The locating lug matches with the 
small hole underneath the 9.5mm (%in) 
mounting hole. Using twin shielded cable, 
the connections to the circuit board can be 
made. At the circuit board, both shields are 
connected together and then soldered to the 
board. At the switch, the shields are also 
connected together, and are soldered to the 
four commoned terminals of the switch. 

The shielded cables for the auxiliary 
inputs, the tape inputs and the pick-up in¬ 
puts can also be connected to the switch. 
The shields of all these cables are connected 
to the four commoned terminals of the 
switch also. 

Hold the chassis in place in the plinth, and 
place the front panel in position. Place the 
knobs on the control shafts, and measure 
the amount of shaft which needs to be cut off 
so that the knobs fit flush against the front 
panel. Allow a small clearance so that they 
do not rub on the panel. Then remove the 
chassis and cut the shafts to the correct 
length. Be careful that the filings from the 
cut do not adhere to the circuit board, where 
they could cause short circuits. 



This photograph clearly shows the respective mounting positions of the printed wiring board 
assembly, the power transfdrmer and the tagstrip carrying the two Ik trimpots. 


SPECIFICATIONS 


Power: 4 watts music power per 
channel into 8 ohm loads with one 
channel driven; 3.1 watts (continuous) 
per channel into 8 ohm loads with both 
channels driven simultaneously. 4 ohm 
loads must not be used. 

Distortion: 0.3 per cent THD at 1kHz 
at 3 watts; 0.5 per cent THD at 1kHz at 
0.5 watts. 

Signal-to-noise ratio: Better than 
_56dB with respect to 3 watts into 8 
ohm loads. 


Channel separation: Better than 
-45dB at 1kHz at 3 watts. 

Frequency response: 40Hz to 45kHz, 
+ OdB -3dB (with tone controls set for 
flat response). 

Tone controls: Bass control, 10dB 
boost and 8dB cut at 100Hz; Treble 
control, 4dB boost and 8dB cut at 
10kHz. 

Input sensitivity: 55mV for all inputs to 
produce 3.1 watts power output. 

Input impedance: Greater than 100k. 


LIST OF COMPONENT PARTS 

2 Texas Instruments SN76023 audio 

1 470 onm 1 watt 

amplifier ICs 

4 Ik 

1 Power transformer 240V primary, 9 V 

2 4.7k 

+ 9 V secondary at 1.1 A rating. 

2 10k 

(Ferguson PF3598 or similar) 

4 22k 

2 Loudspeaker plugs and sockets with 

2 27k 

polarised pins 

2 120k 

1 5-pin DIN plug and socket 

2 220k 

1 3-pin DIN plug and socket 

2 330k 

1 Printed board EA 74 / sa5 

4 Diodes, EM401 or simitar 

2 390 ohm 

1 1M linear potentiometer 

CAPACITORS 

1 250k log potentiometer (dual gang) 

2 lOOpF 30VW 

2 50k log potentiometers (dual gang) 

4 220pF 30 VW 

1 3-pole 3-position rotary switch (MSP 

2 lOOOpF 30VW 

No. AK52253 or similar) 

4 ISOOpF 30VW 

2 Ik preset linear potentiometers 

4 4700pF 30VW 

5 knobs 

2 .OIuF 30VW 

1 6-tug tag strip 

4 o.luF 30VW 

1 Stereo headphone jack (double 

6 4.7uF 16VW electrolytics 

pole / double throw) 

2 470uF 16VW electrolytics 

1 240V toggle switch 

1 6V bezel (Ducon "BFB" or similar) 

1 2500uF 35VW electrolytic 

1 In-line fuse holder and 1A fuse 

MISCELLANEOUS 

1 10A 3 pin power plug 

Hookup wire, solder, solder tugs. 

2 metre 240V flex 

screws, nuts, lockwashers, 22 B (t S 

1 mains cord damp 

1 3-terminal block 

gauge tinned copper wire, copper braid. 

2 metre twin shielded cable 

Note: resistor wattage ratings and 

1 Turntable, plinth and cover 

capacitor voltage ratings are those used 

1 Chassis (see text) 

in our prototype. Components with 

1 Front panel (see text) 

higher ratings may generally be used 
provided they are physically compatible. 

RESISTORS 

Components with lower ratings may also 

4 !0 ohm 

be used in some cases, providing ratings 

2 47 ohm 

are not exceeded. 
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INC. PHILADELPHIA, Pa. U.S.A. 
All Dynaco speaker systems have an 8 ohm nominal impedance 
(minimum 7 ohms) which permits pairs to be connected in parallel if 
desired. All have similar efficiency, and are uniquely interchangeable 
in 4-Dimensional stereo systems to assure optimal directional in¬ 
tegrity. All are supplied with beige linen grille cloth, and the A-25, 
A-35 and A-50 include a 5-position high frequency level control, and 
professional 3-way binding posts. The A-10, A-25 and A-35 include 
concealed hangers for flush mounting on the wall. 
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SEE YOUR elUNaca SPECIALIST 

* ■* 41 FI CENTRE 

91 St. 


APERIODIC 
LOUDSPEAKER 
SYSTEMS 
A-10,A-25, 
A-35 and A-50 


Since the introduction of the first 
Dynaco A-25 loudspeaker at the 
end of 1968, enthusiastic con¬ 
sumer acceptance has pushed it 
rapidly to the front rank of speak¬ 
er popularity, both in the United 
States and Australia. 

All of the Dynaco loudspeaker 
systems are renowned for clarity, 
smoothness, precision, and above 
all, value. In contrast to some 
loudspeaker lines which seem in¬ 
tent on producing a different 
sound from each model, the sonic 
qualities of all Dynaco speakers 
differ only in detail. 

You will find that the little A-10 
delivers unexpectedly “big 
sound”. At the other extreme, the 
A-50 can accommodate larger 
amounts of low end power with 
low distortion and crisp definition 
hitherto unattainable in an en¬ 
closure of such compact dimen¬ 
sions. For sheer value, however, 
the A-25 is clearly the winner. It 
demands comparison with speak¬ 
ers two and three times its cost. 
The new A-35 is a sonic refine¬ 
ment of the A-25 with a different 
crossover in a more complex 
cabinet design which wrings the 
last iota of performance from a 
moderately larger and more ex¬ 
pensive system. 
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^ PLAYMASTER 141 

„ • W ^ 

PHONES AUXTAPE PU VOLUME BALANCE BASS TREBLE 



The completed chassis is mounted in the 
right front corner of the plinth. Woodscrews 
are used to hold it in position against the 
front of the plinth. The shafts from the 
potentiometers and the selector switch 
project through the front of the plinth. 

The wiring for the speakers can now be 
completed. The speaker leads from the 
board must be passed through the hole in 
the front panel where the headphone socket 
will be mounted. Solder the two 390 ohm 
resistors to the socket in the positions shown 
in the wiring diagram, making sure that 
they are positioned so that the socket will 
still pass through the hole in the plinth. 

Mount the two lk trimpots on the tag 
strip, and screw this to the rear of the 
plinth, just above the mounting holes for the 
speaker plugs. Solder the remaining wires 
to the headphone socket, pass them through 
the socket mounting hole., and solder them 
to the speaker plugs and the correct tags on 
the tag strip. Take care not to interchange 
the wires for the left and right channels — 
the connections must be as shown on the 
wiring diagram. The earth wires connecting 
the trimpots to the speaker sockets can now 
be added. 

The wires from the centre terminals of 
the trimpots can be connected to the tape 
socket. Note that no earth connection from 
the speaker wiring is made to this socket, 
all the earth currents flow via the shields of 
the tape input cables. These can now be 
soldered to the tape socket, ensuring that 
pin 2 and the shield of the socket are con¬ 
nected together. The shielded cable to 
connect the auxiliary input can now be 
soldered to the auxiliary input socket, 
remembering to connect the shield of the 
socket to pin 2. These sockets can now be 
attached to the plinth. 

Using the nut and washer supplied with 
the pilot lamp, attach l't to the front panel. 
Pass the two wires from the printed circuit 
board through the correct hole in the plinth, 
and solder them to the light. The front panel 
can now be screwed to the plinth. It is held 
in place by three screws situated between 
the potentiometer shafts, using small 
round-head wood screws, as these are 
visually the most pleasing. 

The headphone socket, the mains switch 
and the knobs can now be fitted in position. 
Before fitting the mains switch, solder 
suitable lengths of hook-up wire to the 
contacts and then insulate them with 
electrical tape. Ensure that the switch is 
fitted with the off position uppermost. 

The record changer can now be mounted 
on the baseboard. Carefully read the in¬ 
struction booklet which accompanies the 
changer before commencing. Once this has 
been completed, place the changer and 
baseboard upside down next to the plinth, in 
the manner shown in the photograph. This 
will facilitate the installation of the final 
components. 

The 240VAC wiring -can now be com¬ 
pleted. Screw the transformer and the 
terminal block to the underside pf the 
baseboard. The mains cord is passed 
through a hole in the rear of the plinth, and 
anchored to the baseboard. The active and 
neutral wires are terminated at the ter¬ 
minal block, while the earth wire is ter¬ 
minated at a solder lug attached to one of 


the mounting screws of the transformer. 
This earths the transformer. 

An earth wire is also run from this lug to 
the turntable motor. It is attached to a 
solder lug mounted on one of the assembly 
bolts of the motor. A second earth wire is 
used to join the transformer earth to the 
chassis of the amplifier. 

A wire is run from the active terminal of 
the terminal block through the in-line fuse 
link to the mains on / off switch, and then 
back to the third (centre) terminal. The 
turntable motor and the transformer are 
then wired in parallel between this terminal 
and the neutral terminal. 

The two 4700pF capacitors can then be 
wired across the tag strip to which are 
attached the wires from the cartridge. 
Check that the green and black wires are 
connected together and to the centre 
mounting lug of the tag strip. This forms the 
earth connection of the turntable (but not of 
the turntable motor). The shielded cable 
from the selector switch can then be 


soldered to the tag strip, making sure that 
the right channel is connected to the red 
wire and the left channel to the white wire. 
The shields are connected to the green and 
black wires respectively. 

The amplifier is now complete, and the 
plinth can be assembled. Take care that the 
cables and wires underneath are not 
jammed under the baseboard. Before 
proceeding further, check that the arm of 
the player is correctly balanced. Do not 
forget to remove the protective stylus cover 
before carrying out this procedure. 

Connect up a suitable pair of speakers, 
plug the mains cord in to a suitable 
receptacle, and switch on the power. A sman 
plop should be audible from both speakers 
immediately after switch on. This is nor¬ 
mal. Place a record on the platter, turn the 
selector switch to “PU” and operate the 
player. Check that all controls function 
normally. If suitable sources are available, 
the operation of the “AUX” and the 
“TAPE” positions can also be checked. ® 
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Toroid filter minimises 


radio, TV breakthrough 


The signals from powerful radio broadcast, television and other trans¬ 
mitters frequently penetrate the circuits of audio equipment installed in their 
immediate vicinity. The simple precautionary measure described in this article 
may provide a way out of the problem for at least some listeners. 


by NEVILLE WILLIAMS 



Powerful RF signals may penetrate audio 
circuits in a number of different ways, of 
whi h the best known is probably via the 
in;ut wiring to high gain preamplifier 
stages. 

Because amplifiers have to be connected 
to peripheral devices such as record 
players, tape players, microphones, etc, a 
metre or more of connecting cable is 
usually involved and this can act as an 
antenna to pick up signal from the powerful 
RF field in the vicinity of a transmitter. 

When a preamplifier is capable of driving 
the system to full output on two or three 
millivolts of signal, it does not take too 
many microvolts of spurious RF input to 
produce some kind of an audio resultant 
and, at least, an annoying background of 
unwanted sound. The sound may be a 
distorted murmur, or it may be recognis¬ 
able program material, or it may be a raspy 
50Hz frame buzz from a television picture 
transmitter. 

Precautions against RF penetration into 
the front end of audio equipment include 
minimising the length of connecting leads, 
complete metallic shielding and the use of 
twin balanced leads right up to the ampli¬ 
fier input, the leads being inside, but 
isolated from, the outer shielding. Addition¬ 
ally, the amplifier may include small 
chokes in series with the audio leads im¬ 
mediately inside the case, plus RF bypass 
capacitors across the active input circuit. 

Occasionally, RF can penetrate the early 
circuits of an amplifier directly, rather than 
via filtered input leads. Modern transistor 
amplifiers are actually more prone to this 
than their earlier valve counterparts, 
because their pass-band is intrinsically 
wider and because they may more readily 
overload on — and rectify — RF energy. 
While direct RF penetration is not common, 
an amplifier housed in a metal rather than a 
non-metal cabinet may be a good invest¬ 
ment for installations within the shock area 
of a powerful transmitter. 

RF which penetrates an amplifier system 
via the input or early stages can usually be 
identified because it is subject to normal 
volume control action. It becomes louder or 


Since evolving the filter and writing the 
article, we came across a similar device and 
a similar line of thinking in the latest issue of 
"Hi-Fi News & Record Review". Con¬ 
tributor Harry Leeming had also "invented" 
the loudspeaker toroid filter! 
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softer as the control is advanced or retar¬ 
ded. 

If the interfering signal is not affected by 
the volume control, there is a strong possi¬ 
bility that it is penetrating the power output 
circuitry directly, and the chances of this 
happening are quite high with modern 
amplifiers. 

There are a number of reasons for this. 
Firstly, with stereo and quadraphonic 
equipment, the loudspeaker leads are 
usually quite long. They are rarely shielded 
and they can therefore pick up a lot of RF 
energy, feeding it back into the amplifier. 

There is always the chance that the RF 
can couple into the early circuits and be 
subject to the volume control. More likely, 
however, it will simply pass along the 
negative feedback loop to the input of the 
main power amplifier and be treated as an 
input signal. Given the slightest amount of 
non-linearity, and the modulation it carries 
will emerge from the system as a spurious 
sound. 

Modern transistor power amplifiers are 
notable for their intrinisically wide pass- 
band and their very high loop gain around 
the feedback network. Because of .these 
factors, it is very difficult to limit their 
response internally to audio only. With inte- 



#1 H H 0 


Filter for a 4-channel amplifier assembled in 
a small aluminium box. 


grated circuits, it is even harder than witl 
discrete components. 

Thus, while the “built-in” precaution: 
against RF penetration may be adequati 
for ordinary situations, it is not uncommoi 
for modern amplifiers to give trouble ii 
shock areas. 

Additional RF bypassing across the loud 
speaker leads may not be effective becaus* 
of the very low impedance of the circuitry 
besides which added capacitance may havt 
an adverse effect on amplifier stability 
Shielded loudspeaker leads could suffer th< 
same criticism, besides being expensive 
and cumbersome. 

Faced with just this situation, the writei 
has come up with a solution which may oi 
may not be original, but which certainlj 
works like magic. The persistent back 
ground murmur from a nearby broadcasi 
transmitter has been reduced to complete 
silence. 

A very faint buzzing hum also disap 
peared, which had obviously been coming 
from the four not-too-distant TV tran 
smitters. As a further and quite unexpected 
bonus, a switching transient from the 
refrigerator was also reduced indicating 
clearly enough that it, too, had a substantial 
RF component, radiated from the mains, 
rather than being coupled in via the am¬ 
plifier power supply. 

There are four .loudspeakers in the par 
ticular listening room, one pair relativelj 
close to the equipment shelf, the other pail 
about thirty feet away. Depending on cir 
cumstances, the systems may be used as 
separate stereo pairs or as components of s 
quadraphonic system. The interference 
problem has centred mainly around the 
distant pair of loudspeakers and their long 
connecting leads. Whenever they were 
connected to a solid-state amplifier, there 
was a strong chance of getting free back 
ground music from the nearby transmitter! 

The “magic” cure? 

Beg, borrow or buy an ordinary ferrite 
toroid, typically 3 to 4cm outside 
diameter. They are so scarce these days 
that you probably won’t have to pick and 
choose between types, but don’t let that 
worry you. Use what you can get. 

The idea is to wind the loudspeaker leads 
through it as many times as possible, just 
before they enter the amplifier, so that they 
become part of a lumped series inductor. 
This assumes, of course, that the leads are 
not too bulky and that you don’t mind 
temporarily removing the connecting plugs. 
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In our own case, the leads were heavy, 
rather stiff figure-8 flex and we made up a 
separate prototype filter with plugs and 
sockets attached so that it could be located 
just behind the amplifier. It was this plug-in 
unit that so proved the point so effectively. 

To make it up, we obtained a suitable 
toroid and four lengths of thin hook-up wire, 
of different colours and each about IV4 
metres long. We wound the four leads 
through the toroid, getting on about twenty 
turns of the four-wire group, without any 
great trouble. Taking care to preserve loud¬ 
speaker identity and polarity, we connected 
one set of ends to the amplifier output 
circuitry and the opposite ends to the loud¬ 
speakers. 

The interesting point about such a unit is 
that the circulating currents for each loud¬ 
speaker cancel in the toroid so that the 
amplifier does not see the toroid as a series 
inductor. For the same reason, there is no 
tendency for coupling between the in¬ 
dividual loudspeakers. 

However, for RF fed into the loudspeaker 
cables from the transmitter field, the toroid 
looks like a substantial inductive im¬ 
pedance. In the writer’s case, this rough 
filter in series with the two longer leads 
virtually solved the problem, since RF 
penetration via the shorter leads was of no 
consequence. 

We did not try to take the idea further to 
see just how many or how few leads, would 
suffice, on what kind of toroid, and in the 
presence of what kind of signal. For the 
purpose, about 20 turns per lead through an 
over-the-counter toroid worked fine and the 
idea is there for you to work on if you face a 
different set of circumstances. 

In fact, if you can’t put your hands on a 
toroid, the idea would probably work with a 
ferrite pot core. There might be a problem 
in accommodating the requisite number of 
turns, however, even using fine wire; the 
core would also have to be clamped shut. 

We would be hesitant about a ferrite rod 
because it could actually pick up RF and 
feed it into the loudspeaker lines! 

So much for the basic idea. But it would 
surely be a pity to spoil it by keeping it 
simple! 

Thus encouraged, we made up a unit as 
pictured, using two toroids in a small folded 
aluminium box, with sockets attached and 
plugs on the ends of trailing leads. This is 
intended as a permanent part of the system 
or, at least, to be on hand when it is needed 
for any particular amplifier, be it stereo or 
quadraphonic. 

For this unit, we stripped the four fine 
colour-coded wires from a length of plastic 
coated 2-pair telephone cable, which can be 
bought from some suppliers. With care, it 
would probably have been possible to wind 
eight wires for a complete quadraphonic 
system through the one toroid but we had 
two toroids and it saved us from having to 
sort out the pairs of colours. 

The toroids were wound, insulated 
separately and then strapped together with 
adhesive tape, so that they would remain in 
position in the case. Just to make sure, we 
pressed a piece of sponge plastic over them 
before finally assembling the case. 

One special word of warning: Whatever 
wire you use and whatever method you use 
to put it together, make sure that three is no 
short-circuit across any one loudspeaker or 
between loudspeaker wiring. Solid-state 
amplifiers don’t take kindly to a shorted 
output circuit! £ 
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A solid state audio 
distortion factor meter — 2 


mounting, either directly on the spindle and 
rotating with it or else stationary with a 
temporary pointer running over its scale; it 
must, however, be truly concentric with the 
spindle. Most such protractors have cross- 
lines to indicate true centre. With an ohm- 
meter connected successively between each 
end and the slider, determine the exact 
point on the protractor at which the 
resistance reading departs from zero (not 
necessarily the end-stop points) at each 
end. Read off the number of degrees bet¬ 


ween these points, divide by five to get the. meter. It also proved necessary to split the 
degrees separating the five cardinal points amplifier into two physical sections 
of the proposed scale, ie 0.5%, 0.4%, etc, screened from each other by flat screening 




In this second article describing an easily built solid state distortion meter for 
audio enthusiasts, the author deals with the calibrated attenuator and 
metering circuit. He also discusses physical construction, calibration and use. 

by F. G. CANNING, FIREE (Aust) 

The Calibrated Potentiometer. Essen¬ 
tially this is an accurate potential divider 
having three ranges, with an input 
resistance of 24k on all ranges. When the 
Function Switch S2 is set to the Xl position 
the output is 0.5pc of the input, while in the 
X10 position the ratio is 5pc and in the X100 
position it is 50pc. The fine calibrated 
control is provided by RV5, a 25k linear 
wire-wound potentiometer which should be 
of good quality and fairly large — say 2in 
diameter or more. It carries the scale from 
which Distortion Factor is read, calibrated 
from 0 to 0.5pc. As the required value for 
this control is 12k±lpc it is shunted by a 
fixed resistor of nominal 22k, chosen from a 
number of samples to give the parallel 
resistance and tolerance required for the 
combination. The rest of the fixed resistors 
should also be of lpc tolerance. 

If the potentiometer has a metal cover 
this must be earthed to the panel. All wiring 
to this control must be well screened and 
earthed. 

The Function Switch S2 is a six-pole four- 
position rotary switch of the usual type, 
with three decks each carrying two poles. A 
two-deck switch would be crowded, with 
more risk of unwanted capacitive coupling 
between circuits. S2D and S2F (see Fig 6) 
are on the deck nearest the front panel, S2C 
and S2E on the next deck and S2A and S2B 
on the outermost one. This brings A, C and 
D in a vertical line, likewise B, E and F. The 
associated fixed resistors are mounted 
directly on the switch contacts. The non¬ 
standard values are obtained by using two 
standard-value lpc tolerance units in series, 
eg lk and 80 ohms for 1.08k, 10O and 33 for 
133 ohms, and so on. This has the inci¬ 
dental advantage that the overall tole¬ 
rance of the combination may be closer 
than that of the individual resistors, since 
limit tolerance in the same direction on both 
components is unlikely. 

It has been suggested that the switching 
could be simplified by the use of a four-pole 
switch with a modified circuit as shown on 
this page. I have not tried this, but it may 
well be satisfactory. To reduce the risk of 
signal feedthrough due to stray 
capacitance, S2A and S2D should be on 
separate wafers and on opposite sides of the 
switch centerline. The wafers should be well 
spaced. 

The distortion scale for the variable 
potentiometer can be made with the aid of a 
small circular celluloid protractor, as sold 
cheaply by stationers for school use. It is 
only necessary to devise a temporary 


previously mentioned its essential 
requirements include a response flat within 
ldB from 20 Hz to 100 kHz, a sensitivity of at 
least 200 microvolts for 70pc of full-scale 
reading, and a high input resistance. This 
sensitivity requires good screening and full 
precautions against instability, since the 
scope for in-phase feedback and consequent 
oscillation is considerable. In final form it 
has proved quite stable and reliable and 
could well form the basis for a separate 
multi-range micro / millivolt meter with 
complete scale calibration for general use. 
The input impedance is around 100k and the 
meter shows no measurable noise. 

Overall negative feedback from output to 
input proved difficult to stabilise, so 
multiple feedback paths were adopted, all 
DC coupled except that through the output 




y- 


£. 


A suggested modification to the circuit given last month, which simplifies the function 
switch wiring and saves one section. The author has not triedit, however. 


S3 Back Beach Rd, Portsea, Vic 3944. 


down to zero and then further sub-divide 
these divisions as finely as desired. The 
writer used ten main divisions only, in¬ 
termediate readings being easily estimated 
by eye. Once determined, these same 
divisions can be laid out with the same 
protractor on a suitable piece of card or 
plastic to form the scale of the instrument. 

The Meter Circuit. This is a four-stage 
negative feedback amplifier driving a 0-100 
microamp meter through a somewhat 
unusual silicon rectifier bridge. Its function 
is to compare the outputs of the calibrated 
potential divider (total signal) and of the 
notch filter (distortion and noise only) when 
brought to a standard reference reading. 
Therefore it is an indicator only, but as 


plates, and to decouple the first two stages 
from the battery supply by a lk resistor and 
220uF capacitor. 

Input is through a non-polarised elec¬ 
trolytic capacitor of 4uF, or else two lOuF 
normal tantalum units connected back to 
back. Minimal leakage current is vital here. 
Tr6 is operated at very low collector current 
to minimise noise and has some DC feed¬ 
back from collector to base. Its emitter bias 
resistor consists of a 220 ohm trim-pot 
connected as a variable resistor and it 
serves to set the ultimate sensitivity of the 
whole meter circuit. It will normally be at 
the full resistance setting, but it can be used 
for close adjustment of gain by those who 
have a metered audio source and a tem- 
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Fig 9: The author's suggested layout for the front panel of the distortion meter. The 
meter movement is a small 100uA imported type. 


porary input pad to give a calculated 200 
microvolts of signal. Stable and almost 
noise-free sensitivities down to 50 
microvolts have been achieved ex¬ 
perimentally but are not needed here. 

DC feedback is applied between Tr7 
collector and base and also from collector to 
Tr6 emitter. These two stages, together 
with the decoupling components, are 
assembled on their own small Veroboard 
panel and mounted on, and closely spaced 
from a flat earthed shielding plate of larger 
size. The other side of this plate carries the 
rest of the circuit upon another Veroboard 
panel, consisting of a further two-stage 
feedback amplifier using Tr8 and Tr9 in a 
circuit designed for high input and low 
output resistances. All transistors are of the 
high-gain type BC109C. 

The rectifier and meter circuit, through 
which negative feedback is taken over two 
stages, first came to the writer’s notice in 
an Application Note published by Ferranti 
Ltd. Unlike some rectifier-meter circuits it 
is linear over about three-quarters of its 
scale and is claimed to give virtually true 
RMS readings over this range. Its 
properties, including frequency response, 
can depend somewhat upon the amount of 
feedback used; in this case the complete 
circuit has flat response from 20Hz to 
beyond 200kHz but by reducing gain some¬ 
what it could easily be made flat to 1MHz 
and beyond. 

The meter is a 0-100 microamp type whose 
resistance is not very important and it can 
be of any desired size or style. The diodes 
are all silicon types; the series units are 
1N914 and the shunt unit (in series with Tr9 
collector) is a Texas Instruments 1S44. The 
two isolating capacitors are 22uF tantalum 
units for the sake of low leakage and other 
sizes down to 15uF could be used without 
much effect if more convenient. The 
relative polarities of diodes, capacitors and 
meter are shown on the circuit, “C” 
denoting cathode, and should be carefully 
noted for an error here can make the meter 
inoperative. This circuit has its own 9-volt 


battery supply with 220uF bypass capacitor 
and separate On-Off switch. The reference 
mark on the meter scale, indicated by a red 
line, was made at 70 microamps to give 
some scope for overswing during tuning. 

CONSTRUCTION: This can take many 
forms to suit the constructor’s ideas or 
available components, and no detailed 
plans are offered. A shielded case is 
required, either of metal (preferably not 
steel) or else of wood with internal metal 
shielding. The prototype used a case made 
up from tfe” pineboard lined with 
aluminium cooking foil stuck on with 
adhesive; this unexpectedly proved ef¬ 
fective. Zinc “flashing” or copper foil would 
be better and allow the seams to be soldered 
— very desirable. Fig 8 shows this box with 
rough dimensions, but these will vary with 
the components used. 

The front panel, of 18 gauge aluminium, is 
faced with 1 / 16” white plastic sheeting of 


Fig 8: The case used 
by the author, made 
from Yt-inch particle 
board. It should be 
lined with aluminium 
cooking foil, zinc 
flashing or copper 
foil to shield the wir¬ 
ing from external 
fields. 


the same size. It carries the complete 
assembly apart from batteries, which must 
be housed inside the case to avoid noise 
pickup and should be insulated from the 
metal lining by waxed cardboard or other 
means to prevent noise due to leakage from 
battery to its outer case, which is not 
unknown. 

A suggested control layout, used in the 
prototype, is shown ip Fig 9. This lends itself 
fairly well to the necessary shielding behind 
the panel between sections and components 
which is, in principle, like Fig 10. Signal 
input is through a standard Phono socket 
and plug. The Japanese meter used has a 
round barrel and a face about two inches 
square. It was found necessary to provide a 
tight-fitting cylindrical shield 2” high 
around the barrel of the meter behind the 
panel and earthed to it, to eliminate feed¬ 
back. It was made of Zinc flashing strip (not 
steel or tinplate) which is available from 
most builder’s hardware stores. The seam 
was soldered and the twisted meter leads 
taken in through a hole drilled in the wall of 
the shield on the side of the shield remote 
from the rest of the circuit. These leads are 
“hot” and it may be well to use screened 
wire. 

A 20 gauge hard aluminium dividing plate 
roughly 3in high by 9V 2 in long runs 
horizontally across the rear of the front 
panel about 4in from the top edge and is 
mounted on a piece of M>in hard aluminium 
angle bolted to the panel. Holes are drilled 
in this plate where necessary to pass con¬ 
nections. It also carries an insulating panel 
of W>in sheet bakelite attached by further 
pieces of angle to the front panel and to the 
dividing plate; this panel carries the 
ganged capacitor and must be dimensioned 
to suit the capacitor used. Its mountings 
must be rigid and substantial, or there will 
be unwanted backlash in the capacitor drive 
which will be most frustrating. 

The buffer amplifier for the input at¬ 
tenuator is assembled on a Veroboard panel 
about lVfein square, which is mounted on the 
dividing plate close to the attenuator con¬ 
trols. If much work on high-powered am¬ 
plifiers is expected it would be worth while 
to enclose this and the coarse and fine at¬ 
tenuators and the input socket in a separate 
shield box bolted to the front panel for 
protection against the amplifier’s stray 
signal field, which may penetrate the case 
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Distortion Meter 


and be picked up directly by the buffer 
stage. 

The ganged capacitor will need some 
shielding from all other sections, but shape 
and size will depend on the component used. 
In the prototype a shield 2%in wide rising 
vertically from the front panel between the 
gang mounting and the input attenuator and 
then bent horizontally over the gang for 2in 
and clearing it by Vi in was found sufficient. 

The input attenuator switch Si is a rotary 
single-deck Oak switch of one-pole eleven¬ 
way type but with its rotation limited to five 
positions. The associated fixed resistors are 
then mounted either across the switch from 
side to side for the shunt elements, or 
between adjacent live contacts for the 
series ones, making the whole assembly 
self-supporting. The 4.7uF coupling 
capacitor C3 should be a tantalum type, for 
low leakage. Earth the metal cover of the 
Fine Control potentiometer with a separate 
connection. 

The notch filter was assembled on a 5in x 
2in piece of O.lin matrix board and mounted 
by bolts and nuts on the dividing plate 
parallel to it and alongside the ganged 
capacitor and Range Switch for short 
connections. It should be spaced >4in or less 
from the dividing plate for good shielding 
and if contact is feared a sheet of thin 
celluloid can be used between them. The 
input connection is at the end nearest the 
Function Switch and output at the other. 
These connections, to S2A and S2F 
respectively, are made with 3mm shielded 
and PVC covered cable, with their shield 
coverings connected together at the switch 
ends and thence by a common insulated 
wire to the main earth point at the input 
socket. All circuit sections are, in fact, 
provided each with its own insulated earth 
wire and all are grounded only at the input 
socket. 

The Range Switch is another single-deck 
Oak type, of two-pole three-way con¬ 
struction. The writer replaced the normal 
wafer assembly screws with two l%in 
lengths of threaded rod with nuts, and on the 
ends of these a two-way-tag-strip was 
mounted with more nuts, to provide the two 
common terminations for the six range 
resistors, thus making another complete 
sub-assembly mounted to the panel by a 
single nut. Tinned-copper twisted loops are 
used on the matrix board for the emitter 
and collector connections of Tr3 and the 
gate connection of TY4 and short stiff con¬ 
nections go from these to the frame of the 
capacitor and to the common resistor 
terminations. The trimmer capacitors C6 
and C7 must be freely accessible for initial 
balancing, also potentiometers RV3 and 
RV4 for screwdriver adjustment. A twisted 
pair of leads must be brought out from the 
matrix board for connection to the ten-turn 
potentiometer RV2 which is connected as a 
variable resistor. If a Beckman “Helipot” is 
used connect to its two rearmost tags, 
ignoring the third one. 

The “ON-OFF” switch has to be a double¬ 
pole type to control the two separate bat¬ 
teries. 

Coming now to the other side of the divid¬ 
ing plate, the two halves of the meter circuit 
are, as previously said, assembled on in¬ 
dividual small Veroboards mounted one on 
each side of a shielding plate measuring 



Fig 10 above shows the basic con¬ 
struction of the unit, built on the front 
panel. At right. Fig 11 shows the 
meter amplifier assembly. 

5Vfein x 2‘Ain. This is mounted by long 
machine screws and nuts to the dividing 
plate with the input section next to it, with 
about 3 Ain between the plates for good 
shielding. A further shield plate measuring 
about 3in x 2V 2 in is then fitted over the 
output section of the circuit by long screws 
to the first-mentioned shield and separated 
from it by %in, thus sandwiching the 
complete meter circuit. The arrangement is 
roughly shown in Fig 11. Input to section 1 
and output from section 2 are arranged to be 
at the ends nearest the Function Switch and 
panel meter respectively, and the connec¬ 
tions between sections at the other end, giv¬ 
ing the shortest exposed wiring. Use 3mm 
shielded cable for the connection from S2F 
to meter circuit input, with braiding 
earthed. 

Twin shielded and PVC-covered cable 
forms the three connections between the 
calibrated potentiometer RV5 and S2E, S2F 
and earth. As before, the earthy connection 
to the screening braid is insulated and 
carried right back to the main ground point 
at the input socket. The earth returns of R49 
and R50 are also part of this system. R48 of 
22k nominal resistance is mounted directly 
on the potentiometer tags. Don’t omit to 
ground any metal cover on this potentio¬ 
meter to its earthy terminal. 


VOLTAGE ANALYSIS 


EMITTER 

(SOURCE) 

COLLECTOR 

(DRAIN) 

Tr 1 

Tr 2 

Tr 3 

Tr 4 

Tr 5 

Tr 6 

Tr 7 

Tr 8 

Tr 9 

(2V) 

0.4V 

2.4V 

15V) 

13.5V 

0.075V 

OV 

0.015V 

0.6V 

(17V) 

3.5 V. 

5.8V 

(14V) 

18V 

4.4V 

2.35V 

1.2V 

5.0V 

TOTAL CURRENT DRAIN 

9 Volt Battery 1.2 mA. 

18 Volt Battery 5.6 mA. 

AH voltages measured with 50 k/ volt 
meter, with respect to chassis. 


SHIELDING 

J' 


OUTPUT CIRCUIT 


1 ^ [ COMPONENTS 
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K” 

COMPONENTS 
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INPUT CIRCUIT 


CHASSIS DIVIDING 


SETTING UP. This process requires an 
audio oscillator of reasonable waveform 
with an output controllable from 200 milli¬ 
volts or more to zero, and also an oscillo¬ 
scope or, failing that, a sensitive electronic 
voltmeter capable of reading down to 100 
millivolts or less, with a high input resist¬ 
ance and a flat response over the audio 
range. The oscilloscope is preferable, 
especially if it has a “X10” facility switch 
on its vertical attenuator and an accurate 
graticule. Proceed as follows. 

■With the instrument temporarily in its 
shielded case to cut out noise pick-up, set 
the filter Coarse control (ganged capacitor) 
and Fine control (RV2) to around mid¬ 
range, the Frequency range switch to the 2- 
20kHz range, and the Function Switch to 
“Reject Fundamental.” The sliders of RV3 
and RV4 should be at their earthy ends. Set 
the input attenuator controls Coarse and 
Fine, to 48dB and zero respectively (fully 
anticlockwise.) 

Switch on. The meter pointer will flick 
hard over several times during a period of 
five to ten seconds as the various large 
electrolytic capacitors gradually charge up 
to their terminal voltages and pass through 
some unstable regions on the way, but 
thereafter the needle should settle to a 
steady reading which should be fairly low if 
the testing area is reasonably free from 
electrical interference. An earth connection 
can be tried, but if it increases the meter 
reading discard it. 

If all is well so far, remove the cabinet 
and proceed to the final adjustments. Set 
the controls as follows:— 

1. Frequency range switch on 2 to 20kHz. 

2. Filter Coarse control (capacitor) at 80 
degrees, ie, around 2.5kHz. 

3. Set input attenuator controls to zero 
attenuation, ie fully clockwise. 
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SOLDERING > IRONS 


Buy a SCOPE and join the club of satisfied users— 
you need not keep it a secret, others don’t. That’s 
why SCOPE is known at all the best places—in the 
tool kit, on the bench, in the boot, on the kitchen 
table, in the garage, on the service truck, in the 
engine room, even on the roof... Wherever SCOPE 
goes it gives you the best service—and a host of 
satisfied users will agree it is the FASTEST, the 
EASIEST, the SAFEST ...THE BEST. 


SPARE PARTS 

No expensive resistance wire heating elements to 
replace. Maintenance without special tools. Spare 
tips, carbon elements and other parts readily 
available from your Scope Distributor. 

Scope products are available from all major 
electrical wholesalers and Hardware Stores 
throughout Australia and from H. W. Clarke, 
Wellington and Auckland, New Zealand. 


ECONOMICAL 

Consumes current only whilst in use. Scope 
performs all the functions of other irons from 40 to 
150 Watts. (Miniscope—up to 75 Watts). 


Fast heating due to the unique replaceable carbon 
element. Only 5 to 6 seconds' initial heating up time 
from cold, then practically instantaneous. 

VERSATILE 

Copes with ail soldering jobs—from miniature 
components to large solder lugs. Temperature 
control at your finger tips. Heat only when, where 
and as much as needed. 

SAFE 

Low voltage operation. Scope irons operate from 
2.5V to 6V. 

For your complete protection and the satisfactory 
operation of your Scope iron, demand and use THE 
natronic TRANSFORMER which incorporates a 
specially designed ELECTROSTATIC SHIELD. 

It is the only transformer approved by SCOPE 
Laboratories. 



The Scope is yours to have and to maintain easily. 
It’s an Australian made. 



CONVENIENT 

Ideal for those almost inaccessible spots. No 
burning of adjacent insulation. 

LIGHT WEIGHT 
Scope weighs only 3’/2 oz. 

Miniscope 1% oz. 

All irons are supplied complete with a spare tip and 
two elements. 

Modern two-tone styling, together with a strong 
stainless steel barrel is a feature of the De-Luxe 
Iron, which comes in a handy re-usable plastic 
pouch. The Standard economy version, with black 
handle and mild steel barrel, is supplied in a 
cardboard fibre pack. 


natronic transformer 
'Approved by electricity authorities 
APP. No. N/360/6894-5 



ETCHING 

TOOL 


Prevent theft, 

etch your name or symbol 

on personal possessions 

Distinct, permanent identification can be made in 
moments with the VIBROSCOPE on any metal, 
ferrous or non ferrous, hardened or annealed, dull 
or polished. 

Not just a surface marker, the etching action of the 
Vibroscope produces good penetration with lasting 
results. Simply attach to a4V accumulator, or 6V car 
battery, or Scope iron mains transformer and the 
Vibroscope electric etching tool is ready for action. 
Anyone who can write can use Vibroscope— 
make “your” mark for security. 

Maintenance is ridiculously simple. When the long 
wearing tungsten tip or core of the vibrating steel 
plunger wears out, it is very easily replaced and 
spares are readily available from all suppliers of 
Scope products. 


VIBROSCOPE 

NATRONICS PTY. LIMITED 

IRH COMPONENTS DIVISION 
THE CRESCENT, KINGSGROVE, N.S.W. 2208. PHONE: 50-0111 
74 RAGLAN ST., PRESTON, VIC. 3072. PHONE: 44-5021 


Interstate Agents 
HOB. TAS. 34 2811 
LAUN.TAS. 31 5545 
PERTH W.A. 81 4155 
ADEL. S.A. 23 1971 
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H. W. CLARKE 
(N.Z.) LTD. 


Please Post free SCOPE literature 


NAME 

ADDRESS 




CITY 


70 


ELECTRONICS Australia, June, 1974 











Distortion Meter 


4. Connect audio oscillator to Input socket 
by plug and a shielded cable long 
enough to allow about two feet 
separation between the instruments. 

5. Set oscillator to around 500Hz — not 
critical — and its output control to give 
around 200 millivolts. 

6. Switch on both instruments. The meter 
will go far beyond full-scale reading 
during this process, but no harm will 
result. 

7. Switch on oscilloscope and connect its 
vertical input to the input of the notch 
filter (the corresponding lug on the 
Function Switch S2A is convenient). 
With the ’scope attenuator Switch on 
“XI” adjust its fine attenuator control 
and, if necessary, the oscillator output 
control to give a steady trace of con¬ 
venient height — say 3 or 4 divisions on 
the graticule. Note this height. 

8 Transfer the ’scope output to the output 
of the notch filter (af jin, a convenient 
point is the Function Switch, lug S2F) 
and set the ’scope attenuator switch to 
“X10”. 

9. Adjust RV3 to give the original height of 
trace, thus giving the filter a gain of 10 
times. 

10. Re-set ’scope switch to “XI”. Now 
adjust RV4 until the trace again returns 
to the original height; ie feedback has 
reduced the gain to unity which will now 
be the condition for all harmonic 
frequencies, but not for the funda¬ 
mental ones which are being sup¬ 
pressed by the filter. 

11. Return the ’scope to the filter input and 
compare to ensure that the signal 
amplitudes at input and output of the 
filter are now identical. 

This completes the sensiti¬ 
vity/selectivity adjustments. The bridge 
capacities must now be balanced, and 
as this requires, full sensitivity and an 
accurate null it is best if the trimmer 
capacitors C6 and C7 are accessible with the 
instrument in its case but with back 
removed. In a “noisy” location it may be 
necessary to switch off all mains-operated 
equipment in the vicinity, including lighting 
if this is of the fluorescent type. Proceed 
thus:— 

1. Set C6 and C7 to about half their range. 

2. Set the input Coarse attenuator to 48dB 
and the Fine attenuator fully anti¬ 
clockwise. Set the Function Switch to 
“Reject Fundamental,” the Frequency 
range switch to 200-2kHz and the 
ganged capacitor to 15 degrees. 

3. Switch on, allow a couple of minutes to 
settle down, and note the meter reading 
which should be quite low, around 5 
microamps. This is the internal 
(transistor) noise of the instrument and 
is normal. (The batteries should be in 
their final position inside the case for 
this operation.) 

4. If all is well, set the audio oscillator 
frequency to 2kHz and output to 200 
millivolts roughly, and switch on. 
Advance the input attenuator controls 
until a reading of half-scale or more is 
seen on the meter. Now tune the 
variable capacitor VC1 / VC2 until a 
pronounced dip occurs, indicating an 
approach to balance at that frequency. 
Increase the attenuator setting to 


restore the reading and adjust the Fine 
balance control RV2, when a further dip 
will probably be seen. 

Next set VCl / VC2 to around 10 degrees 
on its dial, ie, with plates almost unmeshed, 
and re-tune the oscillator until the dip is 
again seen. From this point on continue to 
adjust both Coarse and Fine balance con¬ 
trols together (they will interact a little) 
while gradually increasing input until the 
best null is seen. It will be found very sharp 
and a steady hand on the controls is needed. 
The Coarse input control will now probably 
be at OdB and the Fine control fairly well 
advanced. 

Now the final adjustment can be made by 
altering one of the trimmer capacitors C6 or 
C7 while rocking the ganged capacitor 
around the null point with, if necessary, a 
touch on the Fine balance until the best 
possible null is obtained. This completes the 
process, and assuming a 200 millivolt input 
signal of about O.lpc distortion and with 
zerp attenuation, a meter reading 
somewhere in the upper half of the scale 
should be seen, representing the total dis¬ 
tortion in that signal; a less pure input will 
give a higher reading and require some 
attenuation. 

Set the attenuator to bring the meter to 
the reference mark. Now move the Func¬ 
tion Switch to “Read Distortion” without 
touching attenuator or oscillator. Adjust the 
calibrated potentiometer RV5 to again give 
the reference reading on the meter, and 
read the distortion percentage from the 
scale of RV5. 

A signal having more than 0.5pc distor¬ 
tion will require the Function Switch to be 
moved to the “X10” or even the “X100” 
setting. In each case the distortion reading 
on the scale is to be multiplied by that 
factor. 

USE: High sensitivity requires that 
measurement of an unknown signal must be 
approached from the position of maximum 
input attenuation gradually increasing the 
input until the first meter reading is seen. 
At this point a rough null should be sought 
on the Coarse control (capacitor). Hie input 
is then slowly increased while following up 
the null, which gets progressively sharper, 
on both Coarse and Fine controls until no 
further improvement can be obtained. In 
the course of such a measurement the 
meter pointer will frequently go “off scale” 
fairly hard due to momentary unbalance, 
but no damage should result and the 
author’s instrument has never given 
trouble. The working conditions of the 
associated transistors virtually preclude a 
damaging current flow. However, if the 
constructor wishes to minimise this effect, 
it can be improved though not eliminated by 
connecting an 0A90 diode directly across 
the meter terminals with its cathode to the 
negative terminal. The meter reactions are 
then more gentle, but the sensitivity is 
reduced by some 20pc and linearity is 
spoiled. The decision rests with the user, but 
the writer feels it is hardly ‘worthwhile. 

The only other points to watch are con¬ 
cerned with noise and stray signal pick-up. 
A shielded .input cable should'always be 
used, allowing two feet or more between 
signal source and DF Meter, especially in 
the case of high-powered amplifiers. Watch 
also for stray AC fields from transformers 
and especially from filter chokes, also for 
radiation from TV sets and from 
Oscilloscope timebases. In some locations 
radiated interference from the electric wir- 

IContinued on page 126) 
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How mary styles of resistors 
Hare you been buying? 

SIX? 


Now you need stock only 


ONE Stifle! 


li 


%W Tolerance 


IRC TYPE RG'4 

± 2ZTOLERKNCE 

/METAL GLAZE RESISTOR 

&WNT (at 7QC Ambient) 


Body Length 0.25" 


Small enough to replace many Vs watt resistors but with a high stability V2 watt rating 
the RG’A is manufactured in tolerances of ±2% and ±5%. 

A calculation of the'cost of using VeW. Va W and V2W resistors in both 5% and 2% 
tolerances will show you can make a dramatic saving by switching to RG’A 2% 
tolerance. 


Apart from the question of economy, what other resistor gives you so many benefits? 


‘Rugged: 


Moulded jacket gives protection from rough¬ 
est handling. 

Lower Temperature Coefficient: Less than 200 ppm/°C (.02% per °C). 

At Va watt rating Mil. load life is better than 
1%. At % watt, better than 1.5%. 

Body temperature rise at % watt at 70°C amb. 
is only 40°C. 

Acrylic colours remain bright and clear after 
years of service. 


*Superior Stability: 

‘Lower Surface Temperature: 
‘Permanent Colour Bands: 
‘Leads Solder Fast: 


Exclusive IRC tin-lead alloy plating process 
results in first class solderability even after 
years of storage. 


IRH COMPONENTS DIVISION 

NATRON ICS PTY LIMITED 

The Crescent, Kingsgrove, N.S.W. 2208 


NATRONICS PTY. LTD. 

IRH COMPONENTS DIVISION 
OX 71, KINGSGROVE, N.S 
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Circuit & Design Ideas 

Interesting circuit ideas and design notes selected from technical literature, reader contributions and staff jottings. As they have nc 
in our laboratory, responsibility cannot be accepted. Your contributions are welcome, and will be paid for if used. 


Conducted by Ian Pogson 




Transistor tester checks frequency response 


Basically, this new transistor tester will 
test itself for run-down batteries, determine 
whether the transistor is an NPN or PNP 
type and see how high in frequency the 
unknown transistor can go and still 
maintain a reasonable current gain. 

The circuit shows the battery test feature, 
which merely taps a No 47, 6V lamp across 
the battery. Since this lamp draws 150mA 
(the usual transistor draws far less', you 
can assume that if the batteries light the 
lamp to full brilliance, they are live enough 
to handle the average small transistor. 
Circuit for transistor type testing operation 
is based on the fact that the emitter-base 
junction (or base-collector junction) of a 
transistor is equivalent to a crystal diode 
and hence will conduct current in one 
direction only. Which direction the current 
flows depends on the transistor type. 

The two type-test sockets are connected in 
parallel with each other and in series with 
the meter and two current limiting 
resistors. If a PNP transistor is placed in 
the NPN socket its emitter-base diode will 
be in the non-conducting direction and the 
meter should read zero. Placed in the PNP 
socket however, the transistor’s diode will 
be in the conducting direction and the meter 
should show a reading. If you get a tran¬ 
sistor that shows a current reading in both 
sockets, you have a shorted, or at least a 
leaky transistor. 

The circuit for determining the frequency 
limitations of the transistor amounts to a 
self-excited oscillator with the frequency 
being determined by the plug-in coil used. If 
the transistor is capable of operating on the 
frequency of that particular plug-in coil it 
will oscillate. Some of the RF energy will be 
drawn off by the coil, rectified by the diode 
and will actuate the meter. I used five plug¬ 
in coils, representing frequencies of 1, 3,12, 
31 and 60MHz, respectively. 

To check a transistor, set SI to type-test 
position and plug the transistor into each of 
the type-test sockets in turn. To test 


frequency capability, set SI to freq test. Set 
S2 to PNP or NPN, depending on transistor 
type and plug the transistor into the freq 
test socket. Plug in the highest frequency 
coil and press S3. If the meter reads, the 
transistor is capable of handling 60MHz and 
probably more. If the meter does not read, 
continue to use lower frequency coils until 
one is found that will cause the transistor to 
oscillate. You now know the approximate 


shown except leave the two ends of L2 un¬ 
connected. 

Plug in a transistor you know will handle 
the frequency and temporarily solder the 
ends of L2 to the pins. Make sure Si and S2 
are positioned properly. Plug the coil in and 
press S3. If the meter reads, it indicates that 
L2 is properly connected. If the meter does 
not read, reverse the two ends of L2 and try 
again. Once you have one coil wound 
correctly, just wind the coils on the other 
formers in the same direction. 

(By Howard Hanson, W7MRX, in “QST”.) 



frequency limit of that transistor. 

Construction of the unit should pose few 
problems. Keep the freq test transistor 
socket close to the plug-in coil socket so as 
to keep short RF leads. It is also a good idea 
to locate S3 far enough from the coil socket 
that it can be pressed without getting the 
hand too close to the coil. Care should also 
be taken with the tickler-coil windings (L2). 
If the windings are phased correctly you get 
positive feedback and oscillation. If phasing 
is wrong, you get nothing. Make one coil as 


PLUG-IN COIL DATA 

MHz LI L2 L3 Cl 
60 3T 3T 3T 25pF 

31 7T 6T 4T 25pF 

12 12T 7T 6T 80pF 

3 22T 10T 9T 270pF 

1 34T 20T 8T lOOOpF 

All coils close wound on 19mm diameter 
formers. 

Editorial note: No wire gauge is specified. 


Low cost FET switches 

The switch circuit uses an n-channel FET 
to present either a high or a low impedance 
earth return path to the signal to be swit¬ 
ched. The main advantage of such a system 
is that it removes the need for audio signals 
to be fed to switches. The signal switching 
can occur on a circuit board whilst the 
mechanical switch handles only DC. This 
helps reduce hum pickup and other un¬ 
desirable strays problems. 

As may be seen, in the “off” state the 
FET is biased to conduct heavily, thus ef¬ 
fectively shorting the AC signal to earth. 
Switching the FET to the “on” state biases 
it into the non-conducting region thus 


udio signals 

presenting a high impedance across the 
signal. This allows the AC signal to continue 
virtually unattenuated. 

A large number of these switches can be 
driven from one DC switch without risk of 
cross-talk, thus'reducing the number of 
multiple-pole switches needed. In addition, 
the control voltage could be obtained from 
logic outputs. Switch performance can be 
improved if required by biasing the gate 
slightly positive, about IV, in the off 
position. P-channel FETs may be used with 
suitable reversal of the gate voltage. The 
two capacitors act as DC blocks to prevent 
DC appearing at the drain of the FET. The 



stage following the FET switch should have 
an impedance in excess of 50k to avoid 
excess loading. 

(By C. G. Louisson, in “Practical Elec¬ 
tronics”.) 
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alkaline 

energizer 


EXTRA 

heavy duty 


To Dream the Impossible Battery. 

Why impossible? of temperatures; remain Whew. But, we built it. 

Well, a battery which utterly sealed; deliver a more 'Eveready' Gold Alkaline 

outperforms all others, with consistent voltage at all times; Energizer. Against all odds, 
continuous use in high drain give low impedance and Spread the word, 

equipment; a battery to resultant fidelity improve- The impossible can happen, 
operate over a wide range ment in sound equipment. 

i.P.199 
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CIRCUIT Et DESIGN IDEAS 


Eliminating amplifier switch-on surge 


A number of audio amplifiers suffer from 
switch-on current surge through the 
loudspeakers, particularly low impedance 
speakers. This circuit overcomes the 
problem by connecting the speakers to the 
amplifier only after the initial current surge 
to the output capacitors has occurred. 

When the amplifier is initially switched 
on, Cl starts to charge. At the same time the 
amplifier output capacitor charges up 
through R2. When Cl reaches the potential 
required to operate the relay the contacts 
are switched over replacing the dummy 
load R2 with the loudspeaker. 

The value of R1 is best found by ex¬ 
periment or can be calculated by dividing 
the supply voltage by the relay rated 
current and then subtracting the resistance 
of the relay coil. Cl should be about 2500uF 


1000 

I —Hi" 


so as to allow the relay contacts to remain 
open long enough for the output capacitor to 
become fully charged. This is normally 
about 3 to 5 seconds. Only one channel is 


shown but for stereo the relay would require 
two sets of contacts. 

j (By J. Farrimond, in “Practical Elec- 
[tronics”.) 


Battery current measuring test probe 


Here is a device to facilitate measuring 
current consumption in radio or cassette 
players, using batteries with spring contact 
connections. 

It is almost impossible to insert test meter 
probes between the batteries and the 


contacts as the springs in the holder force 
them together. To overcome this problem, 
cut a strip about 10cm long and 7mm wide, 
of double sided copper clad board, or two 
strips of single sided board glued together. 
The copper sides should be thinly tinned to 


Fast printed circuit etching 


Here is a simple method for fast printed 
circuit board etching which I have been, 
using successfully for several years. In¬ 
stead of the classical ferric chloride solu¬ 
tion, I use a mixture of one part hydro¬ 
chloric acid to three parts 40 per cent hydro¬ 
gen peroxide. This solution strips the board 
clean of unprotected copper in less than 30 
seconds. 

Both chemicals are nasty and should be 
treated with due respect. Skin contact must 
be avoided, and the etching should be 
carried out with all windows open and 
within close reach of a running tap. The 
reaction releases a fair amount of heat, 
which again speeds up the process. A splash 


Square wave oscillator 

A conventional astable circuit using a 555 
IC does not normally produce a symmet¬ 
rical output waveform. However, square 
waves can be obtained from a 555 by using 
the simple circuit shown here. 

The symmetry of a conventional astable 
circuit is a result of the fact that the charg¬ 
ing and discharging time constants are not 
equal. If the timing capacitor can be 
charged and discharged through the same 
(or equivalent) resistance value, the sym¬ 
metry can be restored. 

In this circuit, the capacitor Cl is charged 
through R1 and R2 and it is discharged 
through R2. If R1 is made very small in 
resistance compared with R2, then both 
time constants will be reduced so that they 
depend essentially on R2 and Cl 

The frequency of operation of this circuit 
is approximately equal to 1.43 divided by 


of water, though, is all that is needed if the 
fizzing gets too drastic. 

The etching may be carried out in any 
shallow plastic or glass container. As no 
sediment is formed, the only agitation 
required is a gentle rocking of the tray in 
order to disperse the heat. The solution 
should be mixed immediately before use, as 
the peroxide decays fairly quickly once 
mixed with the acid. The ratio of the 
ingredients is fairly critical, although too 
much peroxide works better than too little. 
It is advisable to test the solution with a bit 
of scrap board before plunging in one’s 
newly finished masterpiece. 

(By J. Langvad, in “Wireless World”.) 


the product of R2 and Cl. The frequency is 
of course independent of the supply voltage. 
(By Walter G. Jung, in “Popular Elec- 



prevent oxidation. When completed the 
strip is sharpened at one end and can be 
inserted between the batteries and contacts. 
The meter probes can now be touched 
against the sides of the strip and the current 
read. 

(By N. J. Moyes, in “Everyday Elec¬ 
tronics”.) 


^ferguson E 

Manufacturers of: 
Electrical / electronic 
equipment, wound 
components and 
lighting control 
equipment. 

BRANCHES 

IN 

ALL STATES 


Ferguson Transformers 
Pty Ltd. 

Head Office 

331 High Street, Chatswood 
NSW 2067 

PO Box 301 Chatswood. 
NSW. Australia 2067 

Phone: 02 407-0261 
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PROJECT 250 HIGH QUALITY 25 WATT 



Are you sick and tired of buying Kits that aren't complete? Are 
you fed up with weiting for beck orders? Well we know how 
frustrating it can be for you and until now there has been little 
we can do to help. It's been extremely difficult to locate parts 
while this shortage goes on. But once in‘ a while we can do 
something to make you happy and our life a little b.it easier. So 
here's the good news - 

We have made special arrangements to import a large number 
of high quality pre-assembled amplifier modules. YES THEY 
ARE ABSOLUTELY COMPLETE. WE GUARANTEE NOT A 
SINGLE PART MISSING. All you have to do is wire in the four 
controls, connect a power supply and you have a fully wc king 
amplifier. The same job is in fact being used by a leading 
manufacturer in equipment that sells at $160. 

There are no special parts, ICs etc in this amplifier. It is entirely 
conventional using OTL (output transformerless) design. 
Transistors are epoxy types from Motorola, Caps and resistors 
are Philips. 10 transistors and 4 diodes. Need we say more? 


Ready to take ceramic pickup direct or magnetic via a pre-amp. 

Give it a go. Whether you're an advanced constructor or a 
beginner you'll get this going in no time. We supply full 
instructions, circuit etc. You simply have to connect controls 
and power supply. We can supply the amp in various forms as 
described below. 

Money back if not satisfied. Yesll The usual Dick Smith 
guarantee applies to this kit. Inspect for 7 days and return if not 
satisfied, untouched, and we will refund your money less P&P. 
HAVE YOU EVER SEEN AN OFFER LIKE THAT ON A KIT? 

Twice the power of it's nearest competitor. Prebuilt, Tested, 
Available Ex-Stock. No hard to get ICs . .. all this at 20% less 
than its nearest rival. It's ridiculous eh? 

So call in and see one working. We are so confident of the 
performance of this amplifier that we have one set up in our Hi 
Fi room alongside some of the top gear in Australia. We're using 
it with a ceramic pick up and two 6” speakers (all available 
from us). Make the comparison, amaze yourself III 


Use this order form GUARANTEED IN STOCK FOR INSTANT DESPATCH 


Tick boxes as required and send your 

._. PROJECT 250A KIT includes fully built and tested 

I_I amplifier, full circuit and suggested power supply 

circuit. Simply add your four pots - 3 x 50k dual log and 
1 x 50k single linear — various wires and a power supply. 
Approx. 24-30V @ 1A. AMAZINGLY LOW PRICE ONLY 
$14.95 (P&P $1,001. 

I ] PROJECT 250B KIT exactly as 250A above but also 

- J includes four rotary pots. All vou need to add is a 

power supply and some wire links. $19.96 (P&P $1.501. 

I I PROJECT 250C KIT Includes amp and controls as 

1- ‘ 250B above. Plus a full power supply kit. It will take 

under an hour and some wire links to complete the amplifier. 

Here is a COMPLETE kit for a 25W amplifier for $29.95 (P&P 

$ 2 . 00 ). 


remittance for immediate delivery. 
Other 


in stock at time of going to press 
guaranteed to be in stock, possible delays of upto 3 
weeks depending on demand. 

□ Metalwork kit $8.00 (P&P $1.00) Intended for the popular 
Paymaster 136 but easily adapted. Finished in light grey 
hammertone. 

□ Front panel $3.00 (P&P 5ocents) from the Playmaster 136 
satin finish looks quite posh. Easily adapted. 


n our demo) C6LX (or similar) $ 


1.75 


SPEAKER BOX SPECIAL We have obtained a limited 
quantity of fully built speaker boxes. NOT A KIT. Takes 6" 
speaker. 15" x 10" x 7", realistic teak finish with expensive 
looking Colan speaker cloth. Normally $15.75 so hurry while 
they last at only $9.50 (P&P $2.50). 

□ BSR Turntable G11.204 Fully automatic $39.00 (P&P $2.00) 


DICK SMITH WHOLESALE PTY LTD 


02 439 5344 (24 hour Answe 












TELEFIX YOUR OWN TV $2.50 

Next time your TV gives trouble, it's 10 to 1 ^ ^ _ Telefix is supplied complete with detailed 

jr,?ii ,a i™rS» chants ' v “ “““ 

Well you can now. Tetefix will tell “-f SIXSKSSSS 

leStorwhSrSX'SIt (jfr/ ^4fik TAKE ADVANTAGES* OUR 

ffss?,'h h .rr»r' n5=-. * ct* s& v a i !£5S!? 

sr.nta ^ ^-ssssss^ 

you've probably cured f t§| | ° 4 )=SZ.. Prepak Electron.^ and 

the trouble. |_ Jil £gg. *s» t “ — fc 3 B flam Rad.o. Supphes, 

With colour just Melbourne, 

around the corner, 1 Mt/ Bi■ HiHM■ HM 

S7™’,o’K a ;"'ic^ to :s=sss..-— M trpi....« n dme,TeWix 

come out iust to change GSR '. SSSXSSSSt. ffoi (Calculator tor locetiog veto 

ttPJftSrj: ml '■w»w r /j&» 

wl^Ee^nothing unlese It's _ ✓«)/ ' fiSSSESS 

So it really is going to be GSB J SSk A Name 

w6rth having a go at fixing it ^ Name 

yourself - with Telefix. r AJ , 

Send the coupon now with $3.00 Mk? k^rf 1^ TV Address . 

($2.50 plus 50c P&P). t W X^j 

TELEFIX - it pays you to fix your own TV 1 
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HOMODYNE TUNER 
KITSET 

Discrete component version 
from November W.A. $24.00 


MUSICOLOUR: The Mk 2 model from Electronics Australia. 3 channel, 
6 amps max per channel. Self-contained with its own driver amp. 
Requires only a small signal voltage to operate it. Kit contains printed 
circuit board, transformers & components, but no plugs, sockets or 
metalwork. ONLY $47.40 


Philips Discrete Component Preamp: All the components, including 
print circuit board and anodised front panel for a really high quality low 
noise stereo preamp. The noise ratio on magnetic input is better than 
90db. Here are the specs. . . . 


INPUT 

SENSI 

TIVITY 

INPUT Z 

FREQ 

RESPONSE 

UNWEIGHTED 
S/N RATIO 

Crystal pickup 

300mv 

1m ohm 

10hz-35khz 

>80db 

Magnetic PU 

4mv 

47k ohm 

10hz-45khz 

>90db 

Radio tuner 

150mv 

500k ohm 

10hz-35khz 

>80db 

Tape recorder 

300mv 

500k ohm 

10hz-45khz 

>85db 

Mag mike 

3.5mv 

22k ohm 

10hz-65khz 

>80db 


COMPLETE STEREO PREAMP KIT FOR ONLY 


VHF KITSET: One transistor, super-regenerative, receives Police, taxis, 
aircraft, etc. Pictorial instructions supplied. Works through an ordinary 
transistor radio without connecting wires. Heap big magic, eh! $5.40 


SILICON POWER TRANSISTORS: Types BD433 /434 Philips brand. 
Will supply 8 watts RMS from 12 volts. Suitable for car radios, modula¬ 
tors, etc. Supplied with suitable circuit. $2.50 


L.E.D.: Light emitting diode. Miniature point source type. Hewlett 
Packard part 5082-4487. Operating data supplied. Runs off 1.6 volts. 47c 
each or 5 for $2.00 


ITEMS REQUIRED.. 


We regret that due to currency regulations we cannot accept personal ch 

NAME:. 

ADDRESS:. 




P.o. BOX 27 037. Wellington. New Zealend. 


STOCKTAKING 

BARGAINS 

Bridge rectifier BY122 0.8 
amp 50 volt 3 for $1.00 

Preset wafer pots 10k ohms 
10 for$1.00 
Electrolytic. Can type 50 + 50 
ufd 400 volt 3 for $1.00 

Electrolytic. Can type voltage 
doubler lOOufd 200 volts 
2 for $1.00 
Electrolytic. Insulated blue tag 
type 25ufd 450 volt 5 for $ 1.00 

Electrolytic. Pigtail type 32ufd 
350 volt 5 for $1.00 

Electrolytic P.C. type 400ufd 
10 volt 10 for $1.00 

Electrolytic P. C. type lOufd 
300 volt 6 for $1.00 

Ducon polyster PC capacitor 
0.1 ufd 400 volt 10 for 70c 


25 WATT STEREO 
POWER AMP 

This kit utilises the Sanken 
hybrid power amps and is 
supplied complete with 
surrounding components. It 
matches the above Philips 
preamp but can be driven off 
any quality preamp. Power 
supply not included. $44.00 


MONEY BACK IF NOT | 
COMPLETELY SATISFIED | 


DEAR KIT PARTS -PLEASE RUSH MY ORDER -THIS BATH IS GETTING COLDI 


5U4GB 

$1.35 

6B7 

$1.25 

EZ80 

.80 

6DT6A 

$1.20 

80 

$2.00 

PCF82 

$1.65 

PCF86 

$1.35 

6EM5 

$1.50 

1B3GT 

$1.35 

PL36 

$1.20 

PL84 

$1.20 

ECH84 

$1.80 

PCC88 

$2.40 

EZ81 

.80 

EAA91 

.75 

5AS4 

$1.35 

35L6GT 

$2.80 

12BA6 

$1.50 

12BY7 

$1.60 
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HOME STUDY COURSE IN ELECTRONICS - 31 


Colour Television Systems 


Transmitting the colour information. Bandwidth problems. The frame 
sequential system. Development of the NTSC system. Limitations of the 
human eye. Waste space in the TV channel. The chrominance sub-carrier. 
Minimising sub-carrier interference. The sub-carrier reference burst. Encoding 
and decoding the colour signals. Reconstituting the green signal. 


In the previous chapter we dealt with the 
two ends of the colour TV chain; the colour 
TV camera and the colour TV picture tube. 
Because of its complexity, we have left the 
link between these two until last. 

When engineers addressed themselves to 
this part of the problem, they faced a 
number of formidable obstacles. Super¬ 
ficially, it appeared that any colour system 
would require three times the channel space 
of a monochrome system; ie, one channel 
for each colour. 

In fact, such an approach was quite un- 
.tenable. It would mean that only one TV 
station could be provided where formerly 
there were three, to say nothing of the chaos 
that would be caused by trying to rearrange 
virtually the whole of the VHF spectrum to 
cTllow the chosen station to expand. On top of 
that, such a system would call for a receiver 
of prohibitive complexity. 

So, in reality, engineers had only two 
choices; either accept a serious 
downgrading of picture quality or find some 
way to transmit the required information 
within the existing monochrome TV band. 

Many ideas were put forward and at least 
one, the Columbia Broadcasting System 
(CBS) frame sequential system, was given 
brief approval by the US Federal Com¬ 
munications Commission (FCC) as a 
standard system. 

This system was mentioned briefly in the 
chapter on colour mixing. It simply tran¬ 
smitted each field in one of the three 
primary colours. The image was presented 
on a conventional monochrome picture tube 
and viewed through a colour wheel which 
rotated in front of it. The wheel was driven 
by a motor synchronsied with the incoming 
signal. 

Superficially, the field sequential system 
might appear to overcome the bandwidth 
problem, being the kind of thing that could 
be simply “tacked on” to the existing black 
and white system. In fact, it was not as 
simple as this. While the field rate of 60 per 
second was adequate to portray movement 
and avoid flicker in the black and white 
system, it was not adequate when any one 
colour was presented at only one third this 
rate. Areas predominantly in one colour 
created serious flicker problems, while 
moving objects tended to break up into 
three separate coloured images. 

To overcome this the field rate had to be 
increased. But to do this would increase the 
bandwidth, unless something else could be 
sacrificed. The final compromise was an 
increase in field rate from 60 to 144, and a 
decrease in picture detail from 525 lines to 
405 lines. By these means the system was 
kept just within the 6MHz bandwidth 
allocated to US TV stations. 

But the system still had serious 


limitations. One of the most serious was the 
physical size of the colour wheel, which for 
any picture tube above 300mm diagonal 
became prohibitively large. Another was 
that the change in standards rendered the 
transmissions non-compatible with existing 
receivers. And, in spite of the increased 
picture rate, there was still colour break up 
on rapidly moving objects, as in sporting 
events. 

Meanwhile, the rest of the industry, and 
RCA in particular, were convinced that a 
mechanical system was not only unsuitable 
for home use, but unnecessary. They were 
working towards this end and believed that 
a fully electronic system was practical. 

CBS demonstrated their system in July 
1949 and, in spite of the inherent limitations, 
the demonstration was impressive. At this 
time the FCC announced that it would 
conduct a hearing later in the year to select 
a colour system. The industry in general, 
and RCA in particular, while still convinced 
that an all electronic compatible system 
was practical, needed more time to develop 
it. 


In spite of this, the FCC accepted the CBS 
system, with the proviso that it would 
reconsider the decision if an acceptable 
system could be demonstrated. RCA 
delayed the introduction of the CBS system 
by appealing to the Supreme Court. In May 
1951 the Court ruled the decision valid and 
CBS began colour transmissions in June 
1951. 

But the legal proceedings had bought vital 
time for RCA. Continuing their “massive 
effort” they completed their work on the 
colour tube and improved other aspects of 
the system. By July 1951, only one month 
after CBS commenced transmissions, RCA 
was able to demonstrate a fully compatible, 
all electronic colour system, using their 
tri-colour shadow mask tube. The 
demonstration was hailed by the press as 
the best that had been shown, and a vast 
improvement on the CBS system. 

Shortly after this CBS ceased trans¬ 
missions, partly due to a shortage of 
materials with which to manufacture colour 
receivers (the US was then involved in the 
Korean conflict), and these were never 


A colour receiver for 
the CBS field 
sequential system. 
The rotating colour 
disc is housed in the 
unit on the left, 
which has been 
moved to one side to 
permit black and 
white reception. It 
was necessary to fit 
a standards con¬ 
verter for this latter 
purpose. 



Between July and October 1949 RCA 
made a massive effort to produce a system 
in time for the hearing. The effort was 
described at the time as “. . . an 
exhausting ordeal during which they were 
subjected to heavier pressure than any 
industrial research group had ever known 
in peacetime.” 

At the hearing RCA demonstrated a 
compatible, 6MHz, high definition system, 
but had to display the pictures via a three 
tube projection system. It advised the FCC 
that it would have direct viewing tube ready 
within six months. Along with the rest of the 
industry, they pleaded for more time to 
develop the all electronic system. 


resumed. Meanwhile, the rest of the in¬ 
dustry formed the National Television 
Systems Committee (NTSC) to present a 
case for an all electronic system to the FCC. 
It took-two years to iron out remaining 
technical problems and produce the 
necessary standards, and the FCC finally 
approved these standards on December 17, 
1953. Thus the NTSC system was born. 

One product of RCA’s “massive effort” 
was the shadow mask picture tube, the 
main credit for which is given to Harold B. 
Law, of RCA. (The details of this tube were 
discussed in the previous chapter.) The 
other achievement was fitting the “quart’ 
of bandwidth into the “pint pot” of spec- 
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trum space. 

They were able to do this by establishing 
and exploiting two important facts. One 
was enunciated by A. V. Bedford of RCA, 
to the effect that the visual acuity of 
the human eye is relatively poor in colour; 
much lower than it is in black and white. As 
a result, he suggested a system which 
transmitted a standard high definition 
black and white image, plus a relatively 
narrow band colour signal which would 
produce a low definition colour image ef¬ 
fectively superimposed on the high 
definition black and white image. 

Practical tests confirmed this theory, 
bringing the ultimate solution significantly 
closer. But it was not a complete solution. 
Space still had to be found to transmit this 
information, limited though it was, within 
the existing 6MHz band. 


half line offset.” The actual harmonic 
chosen is dictated by a number of other 
requirements. 

Most of these are aimed at minimising 
interference to the picture; something 
which is inevitable when an extra channel is 
included in the video band. In fact, it 
produces a dot pattern, consisting of 
alternate light and dark areas along each 
line. The important thing is to ensure that 
this is not so obvious as to distract the 
viewer. 

The first thing is to keep the subcarrier 
frequency as high as possible, thus making 
the dot pattern as fine as possible. Fairly 
obviously, it cannot be higher than the 
maximum video frequency and, in fact, it 
must be lower than this by an amount 
necessary to accommodate the sidebands 
which will occur either side of it. 





Energy distribution in the colour TV carrier. Luminance information appears either side of the 
video carrier, in clusters at harmonics of the horizontal frequency Ifh). Chrominance in¬ 
formation appears in clusters either side of the colour subcarrier (fsc), also separated by 
harmonics offh, but falling in between the luminance clusters. 


The solution to this was suggested by 
Frank Gray, of the Bell Telephone 
Laboratories. He pointed out that the space 
occupied by a TV channel was not fully 
utilised; that there was a good deal of waste 
space in which another signal might be 
interleaved. 

His analysis of the video signal energy 
distribution within a TV channel revealed 
that maximum energy occurs in clusters at 
each harmonic of the line frequency 
(15,734Hz in the US). Further, each of these 
clusters exhibits peak energy at the line 
harmonic, tapering off either side with 
progressively lesser energy peaks 
separated by harmonics of the picture and 
field frequencies (30Hz and 60Hz in the US). 

Between these clusters are points of 
minimum energy, the actual energy 
depending on the picture content. In 
practice this was normally so small that it 
appeared practical to locate other, narrow 
band, energy clusters at these points 
without overloading the modulation 
capability of the transmitter. 

This, then, was the basis on which the 
NTSC system finally evolved. It has 
remained virtually unchanged and its basic 
principles have been exploited, with 
variations, to produce the PAL and SECAM 
systems. 

The colour, or “chrominance,” in¬ 
formation is impressed on a chrominance 
subcarrier, the frequency of which is 
carefully chosen to satisfy a number of 
requirements. The first is to ensure that the 
chrominance information interleaves the 
existing video, or “luminance,” in¬ 
formation in the manner already described. 

This is achieved by making the subcarrier 
frequency equal to an odd harmonic of half 
the line frequency; a technique known as “a 


Another trick is to ensure that the number 
of subcarrier half cycles, per line, is an odd 
number. This causes the light areas on one 
line to fall directly alongside the dark areas 
on an adjacent line. Thus, at a viewing 
distance which does not permit resolution of 
individual lines, the light areas on one line 
tend to cancel the dark areas on the ad¬ 
jacent line. 

In the NTSC system the outcome of these 
requirements is that the colour subcarrier 
is at the 455th harmonic of half the line 
frequency, or 3.57945MHz. The quotation of 
this value in such precise terms is 
deliberate and implies a high order of ac¬ 
curacy which, in fact, is essential. In 
general discussion these figures are often 
rounded off to three significant figures, but 
the accuracy involved is still understood. 

Other TV systems, employing different 
line and field frequencies and / or other 
colour systems, employ other subcarriers. 
For example, the PAL system, as used by 
most European countries with a 625 line 
standard, employs a subcarrier of 
4.43361875MHz. This applies also to the 
Australian system. 

The final step in minimising interference 
is not to transmit the actual subcarrier at 
all, only the sidebands generated by 
modulating it. The end result is a fine dot 
pattern in parts of the picture only, which 
while it can be seen on close inspection, is 
not normally visible at a normal viewing 
distance. 

The manner in which the subcarrier is 
used is just as ingenious as the manner in 
which it is accommodated. Three 
characteristics have to be transmitted in 
order to create a colour picture: luminance, 
hue, and saturation. The luminance in¬ 
formation is already contained in the 


normal black and white video signal, 
leaving hue and saturation still to be 
transmitted. The hue is transmitted as 
phase modulation and the saturation as 
amplitude modulation of the subcarrier. 

As already noted, the subcarrier itself is 
not transmitted, only the sidebands. While 
this is essential to keep interference to a 
minimum, it does make recovery of the 
colour information at the receiver just that 
much more complex. Without a carrier 
there is no reference against which either 
the phase or amplitude of the sidebands can 
be compared. Therefore, an artificial 
carrier must be generated at the receiver. 

This carrier must have an extremely high 
order of accuracy. It is not sufficient that it 
have exactly the same frequency as the 
original subcarrier, though this alone would 
be a formidable requirement, even for a 
crystal controlled oscillator. In this case it 
must also have exactly the same phase as 
the original subcarrier' 

Since a self contained oscillator with this 
order of performance is a virtual im¬ 
possibility, and in any case could not allow 
for marginal drift which might occur at the 
transmitter, some means must be found to 
lock the receiver’s oscillator to the trans¬ 
mitter’s subcarrier generator. 

The way in which this is done is also very 
ingenious. The receiver oscillator is made 
as stable as possible using standard 
techniques—eg, crystal control—so that it 
has good short term stability. Also, its 
associated circuitry is so arranged that it 
can be readily “pulled” into step with a 
reference frequency. 

A reference frequency from the sub¬ 
carrier generator is transmitted very 
briefly at the end of every line, during the 
line blanking period. More precisely, it 
consists of between eight and 10 cycles of 
subcarrier, superimposed on the “back 
porch” of the line synchronising pulse. This 
is known as “the reference burst” or, more 
commonly, “the burst”. (The back porch is 
the period immediately following the sync 
pulse, but before the commencement of 
video information, when the carrier is at 
approximately black level.) 

Suitable circuits in the receiver extract 
this burst and feed it to the reference 
oscillator circuit. Here is is compared with 
the reference oscillator and, if the phase of 
the latter is incorrect, correction is applied. 
The oscillator will normally be stable 
enough to maintain this phase during the 
ensuing line period (around 60 
microseconds) and any small drift tendency 
will be corrected again before the next line. 

Thus, in a transmitted colour TV signal at 
any instant there is a luminance signal 
(normal black and white signal), plus a 
chrominance signal with a particular phase 
to indicate hue, and a particular amplitude 
to indicate the saturation of that hue. There 
is also a 10 cycle reference burst of the 
otherwise suppressed colour subcarpier, 
superimposed on the back porch of each line 
synchronising pulse. 

In the discussions which follow, plus those 
which the reader will encounter in other 
texts, this “end product” should be con¬ 
tinually kept in mind. It is very easily lost 
sight of in the necessarily detailed 
discussions involving the encoding and 
decoding of the colour information. But 
remember, this is the final form which the 
transmission takes. 

Having said that, let us look at the en¬ 
coding and decoding process. We have 
already discussed the colour camera in the 
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last chapter, and how it is made to deliver 
three signals representing the three 
primary colours — red, green and blue — 
plus a fourth signal, the luminance signal, 
which is a mixture in suitable proportions of 
the red, green and blue signals. It is the 
luminance signal which provides the high 
definition image for either a black and 
white or colour picture. In colour TV ter¬ 
minology it is designated as the “Y” signal. 
The colour signals are designated “R” 
(red), “B” (blue) and “G” (green). 

To produce the Y signal R, B and G 
signals are mixed in proportions dictated by 
the sensitivity of the human eye. This is 
most sensitive to green, less sensitive to red 
and least sensitive to blue. More precisely, 
the proportion is .59G, .30R, .11B, on the 
basis that the total Y signal is equal to 1. It 
is important to keep these proportions in 
mind when studying the encoding system to 
be described later. 

In fact, it is convenient to think of these 
figures as signal voltages; a Y signal of IV 
being composed of 0.59V G, 0.30V R, and 
0.11V B. The Y signal is used to modulate 
the transmitter in the normal way, but is 
also fed into matrix circuits where it is 
mixed with two of the colour signals to 
produce modulating signals for the colour 
subcarrier. 

The two signals used are the blue and the 
red, these being taken off before the mixing 
network which produces the Y signal. Thus 
each is at the same level as the Y signal, ie, 
IV. The Y signal is first inverted and then 
subtracted from the blue signal to produce a 
B-Y signal, and the red signal to produce an 
R-Y signal. These are known as colour 
difference signals. 

Modulation of the subcarrier involves, 


initially, two subcarriers, both of the same 
frequency, but one shifted in phase from the 
other by exactly 90 degrees. The B-Y signal 
modulates one, the R-Y signal the other. 
(The green signal is not forgotten. Because 
it forms part of the Y signal, it can be ex¬ 
tracted at the receiver.) 

The two subcarriers are basically am¬ 
plitude modulated, with one qualification. 
As we shall see, both the B-Y and R-Y 
signals can carry either a positive or 
negative sign. This, is accommodated by 
shifting the subcarrier phase through 
exactly 180 degrees. At this point the two 
subcarriers are combined, producing a 
single phase and single amplitude which are 
each the product of the two phases and two 
amplitudes. This is the “end product,” 
mentioned earlier, which is transmitted. 

At the receiver the two original sub¬ 
carriers are re-constituted. This is not 
difficult because, although they were 
combined into a single subcarrier, we know 
the manner in which they were combined. 
At the receiver we generate two artificial 
carriers, one exactly in step with the 
reference burst, and one exactly 90 degrees 
out of phase with it. By mixing the 
chrominance signal with each we recon¬ 
stitute the original B-Y and R-Y signals 
exactly as they were when used to modulate 
the original sub-carriers. 

Thus, at the receiver, we have the original 
Y signal, plus the B-Y and R-Y signals, 
exactly as they came from the encoder at 
the transmitter. 

At this point let us consider a number of 
likely colour situations, how they would 
modulate the subcarrier, and how we 
reclaim the colours at the receiving end. 
This situation is portrayed pictorially in 


Figs. 1 to 4 which should be studied closely 
in conjunction with the text. 

These diagrams portray the encoding 
system on the left and the decoding system 
on the right. In between would be the 
transmitter and the receiver. For sim¬ 
plicity, we are assuming that these links are 
perfect and that the input to the decoder is 
identical in all respects with the output from 
the encoder. The output from the decoder, 
ie, the blue, green and red signals, would be 
fed, after suitable amplification, to the 
grids of the blue, green and red guns of the 
picture tube. 

First, consider a pure red signal. The Y 
signal will come from the red signal only, 
equal to 0.30V or, after inversion,-0.30V. The 
full red signal will be IV, making the R-Y 
signal 0.70V. There will be no blue output, so 
that B-Y will be -0.30V. 

At the receiver, we reclaim the red signal 
by adding the R-Y signal to the Y signal. 
Assuming the original voltage relationships 
have beep maintained throughout the link, * 
the same values may be quoted at the 
receiver end for purposes of explanation. 
Thus we have a Y signal of 0.30V added to 
the R-Y signal of 0.70V; a total of IV, or 
exactly what was delivered by the red j 
channel originally. Fed to the grid of the red ) 
gun, after amplification, it would activate i 
the red phosphor on the screen and produce 
a red image. 

At the same time we add the B-Y signal to 
the Y signal. The B-Y was -0.30V and Y was 
0.30V; a total of zero, or exactly what was 
delivered by the blue channel. 

Now let us consider a pure blue signal 
(Fig. 2). The Y signal will come from the 
blue signal only, equal to 0.11V or, after 
inversion, -0.11V. The full blue signal wili be 
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Fig 1 Encoding and decoding the colour information for a pure red signal. Addition of the Y 
and fit- Y signal in the decoder produces zero volts in the blue channel, while addition of the Y 
and R-Y produces 1V in the red channel; the same values as fed to the decoder. 
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IV, making the R-Y signal 0.89V. There will 
be no red output, so that R-Y will be -0.11V. 

At the receiver we reclaim the blue signal 
by adding the B-Y to Y. Thus we have a Y 
signal of 0.11V added to the^B-Y of 0.8t a 
total of IV, or exactly what was delivered by 
the blue channel originally. Fed to the blue 
gun it would produce a blue image. 

At the same time we add the R-Y signal to 
the Y signal. The R-Y was -0.11V and Y was 
0.11 V; a total of zero, or exactly what was 
delivered by the red channel. 

The decoding process for a pure green 
signal is shown in detail in Fig. 3, which 
includes a number of additions to the 
decoder system. As before, the Y signal will 
come from one channel only, this time the 
green. It will be equal to 0.59V or, after 
inversion, -0.59V. With no output from either 
the blue or red channel, B-Y and R-Y will 
both be -0.59V. 

CAMERA 


and 0.51 of the R-Y signal. In this case B-Y is 
-0.59 which, multiplied by 0.186, gives -0.11. 
Similarly, R-Y is -0.59 which, multiplied by 
0.51, gives -0.30. The sum of -0.11 and -0.30 is 
-0.41 which inverted, becomes 0.41, the 
voltage we require for the G-Y signal. This 
is now added to the Y signal (0.59V) to 
produce the original IV generated by the 
green channel. Via the green gun, it would 
produce a green image. 

The proportions of B-Y and R-Y which are 
used to construct the G-Y signal are quite 
critical. The example just presented is a 
somewhat idealised one, chosen to make 
explanation easier, in which there is only a 
fully saturated green signal to be con¬ 
sidered. Under these conditions almost any 
proportions of B-Y and R-Y might have 
been used to produce the 0.41V needed as a 
G-Y signal. 

But it is not sufficient to produce a green 
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B-Y signal, when multiplied by 0.186 in the 
green matrix, becomes -056V. The 0.70V R- 
Y signal, when multiplied by 0.51 in the 
green matrix, becomes 0.356. The sum of 
0.356 and .056 is 0.30. Inverted, this 
becomes -0.30V out of the green matrix, and 
this, when added to the 0.30 Y signal, 
produces a total of 0 for the green signal, 
which is correct. 

The same reasoning will apply for the 
pure blue signal condition, and the reader 
may care to work this one out for himself, as 
an exercise. 

Finally, let us consider a pure white 
signal (Fig. 4). The Y output will be IV, 
which is inverted to -IV. The blue output will 
be IV also, so B-Y will be 0. Similarly, the 
redoutputwill.be IV which, when added to 
-Y, will also be zero. Thus, neither sub¬ 
carrier will be modulated and only a Y 




Fig. 3. Decoding the green signal. The presence of a green signal is deduced from what is 
happening — or not happening — to the other two channels relative to the Y signal. A Y 
signal in the absence of red and blue signals can come only from the green channel. 
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adder networks, the Y signal appears at each colour channel output. 


At the receiver, B-Y will be added to Y, 
producing 0V, as delivered by the blue 
channel originally. Similarly R-Y plus Y 
gives 0V for the red channel, which is again 
correct. 

Now comes the tricky part. We need a G- 
Y signal to add to the 0.59V Y signal to bring 
it up to the original IV from the green 
channel at the transmitter. Fairly ob¬ 
viously this G-Y signal should be 0.41V. 

In fact a G-Y signal is obtained by taking 
suitable proportions of the B-Y and R-Y 
signals, adding them, and inverting. More 
precisely, we take 0.186 of the B-Y signal 


signal when green only is present. Just as 
important is the requirement that a false 
green signal is not created in the presence 
of either or both of the other two colours. 
The proportions of B-Y and R-Y selected to 
make the G-Y signal have been chosen on a 
precise mathematical basis so that this can 
never happen. As an example, let us go back 
and see what happens in the case of a pure 
red signal, now that we have the green 
matrix fitted. 

We have already shown that an encoded 
red signal consists of 0.30V Y signal, -0.30V 
B-Y signal, and 0.70V R-Y signal. The -0.30V 


signal transmitted. (Close study of a colour 
TV picture will reveal that there is no colour 
subcarrier pattern on a white image.) 

At the receiver the Y signal (IV) is added 
to B-Y (0V) to produce a blue signal of IV. 
Similarly, Y plus R-Y produces a red signal 
of IV. And since B-Y and R-Y are both 0V 
there is no signal fed to the green matrix so 
that G-Y is also 0V. Thus Y plus G-Y is also 
IV. 

With signals fed to all three guns all three 
phosphors on the screen will be activated 
and combine, optically, to produce white. 
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The "Minispot” - 
455kHz Test Oscillator 

Many readers have an adequate collection of tools, but when it comes to test 
equipment, most draw a blank. Here is one device which won't break the bank 
— but will be handy for anyone who builds radio receivers. 


Elementary 

Electronics 



by Ross Tester 



This inside photograph gives a general idea ot the position of all components. Connect the 
board common foil to the case. 


We have published the Minispot before, 
back in September 1970, but, after nearly 
four years we feel many readers — par¬ 
ticularly Elementary Electronics readers 
— would have missed it. So we dragged it 
out of the mothballs — and here it is. 

Alignment of IF systems is aimed at 
satisfying two requirements: (a) ensuring 
that all tuned circuits in the IF systems are 
tuned to the same frequency and (b) that 
the frequency to which they are tuned is the 
correct one. 

Failure to satisfy requirement (a) will 
result in degraded sensitivity and selec¬ 
tivity. Failure to satisfy (b) can result in 
spurious heterodynes or whistles in certain 
localities, as well as failure of the tuning 
system to track accurately with the dial 
calibrations, particularly in the centre of 
the dial. 

The simplest approach to receiver align¬ 
ment is “by ear.” Using broadcast signals 
at appropriate positions on the band, the 
various tuned circuits are adjusted to 
produce maximum output from the loud¬ 
speaker. While this approach has the ad¬ 
vantage of simplicity, will undoubtedly 
result in some improvement, and is thus 
justifiable when nothing better can be at¬ 
tempted, it leaves a lot to be desired. 

It cannot ensure that the IF system’s 
tuned circuits are tuned to a specific 
frequency, only that they are all tuned to 
approximately the same frequency. This is 
only approximate, because we are depend¬ 
ing on the ear to tell us when the maximum 
signal level has been reached. The ear is 
notoriously insensitive to small changes in 
signal level (less than 3dB) so that each 
adjustment could conceivably be in error 
by, say, 2dB. If there are six adjustments to 
make there is room fora possible total error 
of 12dB — a very significant amount. While 
the error wiU usually be less than this in 
practice, it may still be significant. 

The more usual approach calls for the use 
of an oscillator (or signal generator) and an 
output meter. The generator should be 
capable of generating RF signals, suitably 
modulated, at the IF used by the receiver, 
at frequencies at each end of the broadcast 
band, and in similar positions on the short¬ 
wave band or bands, where these are 
featured. 

In use, the generator is connected so as to 
feed signals into the appropriate part of the 
receiver, while the output meter is con¬ 
nected to the output circuit feeding the loud¬ 
speaker. The generator is modulated with a 
steady tone — rather than music or speech 
as from a broadcast station — and this is 
registered as a fixed level on the output 
meter. As various adjstmerits are optimised 
(peaked), the meter will swing up the scale 
to maximum reading, giving a far more 


accurate indication than can the ear. 

While most multimeters can serve as an 
output meter, it is the generator which most 
experimenters find hard to provide. Indeed, 
a generator to satisfy all the requirements 
we have just enumerated would be a 
relatively costly instrument. However, if we 
accept the compromise that the IF system 
is the one most needing adjustment by this 
method, and that the other adjustments can 
be made “by ear” without serious error, 
then a very much simpler and cheaper 
device will serve our purpose. 

More precisely, we can settle for a sim¬ 
ple, low cost, single frequency oscillator, 


preset to the popular 455KHz IF, and in¬ 
tended to do no more than provide align¬ 
ment facilities for the IF channel. Such 
devices have been marketed in the past, and 
also described in this magazine, but the 
older designs were based on valves and LC 
circuits. In this form they suffered from 
certain limitations, many of which can be 
overcome using modern components. 

A very good alternative to the old LC 
circuit is a ceramic filter element. These 
have already been used in some of our 
receivers, and make a cheap and reliable 
oscillator when used in the feedback loop of 
a suitable HF amplifier. They approach the 
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stability of a crystal, and would be much 
more accurate than a preset LC circuit or 
even the conventional service oscillator, 
when one considers the problems of ac¬ 
curately setting a simple dial. 

To understand more fully the operation of 
the ceramic filter as a resonant element in 
an oscillator we refer those readers in¬ 
terested in the subject to two back issues, 
September and October, 1969, where a full 
treatment of ceramic filters is given. 

We have based our design on the first 
circuit discussed in the October, 1969 issue. 
One advantage of this arrangement, among 
others, is that it has quite a high RF output; 
a useful feature where we may wish to 
penetrate grossly mistuned circuits as may 
be encountered in a freshly constructed 
receiver. 

The circuit is also quite easy to modulate. 
The modulating tone is generated by a free- 
running bistable multi-vibrator operating 
in the vicinity of 500Hz. This also provides 
an audio signal source in addition to the RF 
source. It modulates the RF oscillator by 
varying the supply voltage fed from the 
junction of the two resistors forming the 
collector load of one of the multivibrator 
transistors. The two resistors function as a 
voltage divider to control the depth of 
modulation. 

A convenient level control for the audio 
output can be provoided by substi¬ 
tuting a potentiometer for a portion of 
the collector load resistor of TR2. 

No problems should be encountered in 
housing the device. Any small metal box 
such as a throat tablet or tobacco tin would 
suffice, providing that there is sufficient 
space to house all the necessary compo¬ 
nents. We made a box from tinplate ex¬ 
tracted from a large coffee tin, using a pair 
of tinsnips and a soldering iron. A metal 
housing must be used to prevent direct 
radiation from the multivibrator, as the 
harmonic content generated by the fast-rise 
edges is sufficient to couple into the audio 
stages of a receiver. 

Construction is based on a small printed 
board, coded 72 / g7. All components except 
the potentiometer, output capacitor, and 
audio output components are mounted on 
this board. The latter components are 
mounted between the board and the sockets 
etc. The on-off switch (a slider type) is also 
mounted on the board — or, rather, the 
printed board is mounted on the switch. 

The switch lugs are long enough to 
protrude through the circuit board before 
soldering, and at the same time, allow 
sufficient height for installation of the 
tallest components. If BC148 Lockfit 
transistors are not used, the alternative 
types should be kept low enough on the 
circuit board to prevent them fouling when 
the assembly is mounted. Metal encapsulat¬ 
ed types almost invariably have the 
collector connected to the envelope, and if 
these touch the inside of the metal case, the 
unit will not function. 

The whole assembly is then mounted in 
the box by the switch, along with the two 
phono connectors, the potentiometer, and 
the small 9-volt battery. The assembly of 
these components should be self- 
explanatory from the photographs. To 
complete the shielding, the back cover can 
be spot soldered on opposite sides to ensure 
electrical contact. 

The output connecting lead can be made 
from two pieces of ordinary hookup wire 
soldered into a phono connector, and 
provided with two crocodile clips on the 


opposite ends. Avoid the use of screened or 
coaxial cable, as the extra capacitance will 
reduce the available RF output, and 
degrade the rise time of the audio waveform 
from the multivibrator. 

The Minispot can be used to align the IF 
amplifier section of receivers equipped with 
455KHz IFs, whether valve or solid state, 
with or without a ferrite antenna. There are 
several established ways in which RF can 
be coupled into a receiver, and a very full 
treatment of alignment principles has been 
discussed at length in a previous issue of 
this magazine. Copies of this article can be 
obtained for 80c each (Aligning a Superhet 


X-ray view of the 
printed board layout 
from the component 
side. The 0.22uF 
capacitor should be 
soldered with leads 
as short as possible. 
Keep metal capped 
transistors as low as 
possible for proper 
clearance from other 
parts. 


Receiver; File No. 8/ C/ 10, Oct, 1964.) 

In the case of a valve receiver, the most 
common input point is the grid of the mixer 
valve. In the case of solid'state receivers the 
base of the mixer, or mixer-oscillator, stage 
is the logical equivalent. When either of 
these arrangements are used, the tuning 
capacitor should be set for minimum 
capacitance to avoid any undue loading on 
the generator signal. 


At the mixer input, coupling can be made 
through a twisted pair of insulated wires, 
the amount of wire and twisting controlling 
the capacity (and hence the RF level) 
between them. The RF level can be reduced 
by simply unwinding the twisted pair. 

In any alignment procedure, the presence 
of an AGC (Automatic Gain Control) 
system presents a minor problem. Virtually 
all sets are fitted with AGC systems, the 
purpose being to maintain, as nearly as 
possible, a constant audio output regardless 
of whether the received signal is weak or 
strong. This they do very well (though rtot 
perfectly) but, fairly obviously, this action 


is undesirable during alignment, since it 
tends to mask the effectiveness of each 
adjustment as it is made. 

Fortunately, most AGC systems are 
deliberately designed to have a threshold 
level below which they do not operate. 
(Delayed AGC.) This is to ensure maximum 
sensitivity to weak signals. We can take 
advantage of this during alignment, by 
deliberately keeping the input from the 
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For fine detail work 
— a hands free 
magnifier 



The Magna-Sighter is a precision 
3-D binocular magnifier that leaves 
your hands completely free for work. 
It has hundreds of applications, 
and is invaluable for scientists, 
technicians, craftsmen, toolmakers, 
hobbyists, etc. Slips easily over the 
head-over glasses, too. Proved 
and used by many U.S. universities, 
space research bureaux, govern¬ 
ment departments and major 
industrial organisations. Available 
in 3 different magnifications. 

Price $16.00 

STC 706 


MAGNA-SGHTER 

For further information send this coupon today: 
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Know 

Where 
You are 
Going 

Choose a career in the field of 
Electronics — the Nation's most 
progressive and fastest expand¬ 
ing industry. 

Advancement in this modem 
science demands technical 
ability, a sound knowledge of 
basic principles and applications. 
You can master the subject by 
training at the Marconi School, 
and be ready to grasp the oppor¬ 
tunities that occur in the various 
branches of Radio Technology. 

BROADCASTING 

A thorough grounding is avail¬ 
able to students in die broad¬ 
casting field, leading up to the 
P.M.G. Broadcast Station 
Examination. 

COMMUNICATIONS (Marine) 

An extension to the Broadcast 
Operators course and extending 
into the fields of Navigation Aids 
and Electronic Devices used in 
mobile communications as re¬ 
quired by the P.M.G. Certificates 
of Proficiency. 

APPLIED SERVICING 
Comprehensive training in the 
maintenance and repair of radio 
and television receivers offers 
substantial rewards to compe¬ 
tent technicians. Marconi School 
training covers all aspects of 
radio and television receiver 



LvsSS 



67 Lords Road, Leichhardt. 
Day: 9 a.m. to 4 p.m. 


Evenings: 6 p.m. to 8.30 p.m. or 
by Home-Study Courses (except 



MARCONI SCHOOL OF WIRELESS 
Box 218, P.O., Leichhardt 2040 

Amalgamated Wireless (Australasia) ltd. 


generator at the lowest possible level, at the 
same time keeping the gain of the receiver 
at the highest level. As various adjustments 
increase the sensitivity of the receiver, the 
input should be reduced by a like amount. 

Almost any multimeter having the usual 
AC ranges can be used as an output meter. 
Some multimeters have special input 
terminals for this function. A popular point 
of connection in valve receivers is between 
the plate of .the output valve and chassis. 
Since there is both AC (signal) and DC volt¬ 
ages present here, an isolating capacitor is 
used to ensure that only the AC signal is fed 
to the meter. If this is not provided within 
the meter it must be provided externally. A 


PARTS LIST 

3 BC108 or other general purpose NPN 
transistors 

1 Murata ceramic filter SFB455A 

2 Phono ("RCA") sockets and plugs 

1 printed board, 72 / g7 

1 MSP type 70 slider switch 

1 9V battery, type 216 with connector 

Suitable housing, small knob, wire, 
screws, crocodile dips, etc. 

Resistors <’AW 10pc) 

1 100k 1 3.3k 

3 47k 1 1.5k 

1 4.7k 1 Ik 

1 500 ohm log potentiometer 

Capacitors 

1 0.22uF ceramic 

2 0.047uF ceramic 

1 0.1 uF ceramic 

2 820pF styro or poly 

1 120pF NPO ceramic or poly 

1 27pF NPO ceramic 


value of O.luF is common, but is not critical. 

The same approach could be used with 
some transistor output stages, particularly 
where an output transformer is used. Since 
most transistor output stages employ push- 
pull circuitry, connection from collector to 
collector is often more appropriate. The 
isolating capacitor should be retained. 

A more convenient place from which 
output signals may be taken is the speaker 
voice coil circuit. Unfortunately, due to the 
much lower impedance in this part of the 
circuit, the voltage is also lower, and may 
not be adequate in some circumstances. 
4f necessary, a second speaker tran¬ 
sformer, connected backwards, can be used 
to step up the voltage to a more convenient 
level. 

With the Minispot connected to the 
receiver, adjust each IF transformer core 
for maximum indication on the output 
meter, reducing the RF input level as 
necessary for the reasons outlined 
previously. The cores should be adjusted so 
that their physical positions are at the out¬ 
side of each coil in the IF transformers, 
NOT towards the inner area through the 
coils. 

All the foregoing methods of connection 
have assumed that the user has ready ac¬ 
cess to any part of the receiver; a situation 
which would normally apply where a 
receiver had just been constructed but not 
yet fitted to its case. However, if we wish to 
work on a complete receiver, it may not be 
convenient to remove it from its case. 

As already discussed, the output meter 
can probably be connected to the voice coil 
circuit, which is usually accessible. 
However, the input to the mixer stage may 
not always be so easy to get at, particularly 
in very small receivers. In this case it is 


|—DOZENS of HI-FI SYSTEMS—. 
from $3590 to $299 

At U.R.D. we stock the lot . . . from the most sophisticated units 
that money can buy, to popularly priced systems like the Pioneer 
from $299 complete. We’re Sydney’s original High Fidelity special¬ 
ists, established 40 years. 
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T, • Elementary Electronics 
* v : Ideas Worth Trying 


Soldering Hint 

It is sometimes necessary to fit an adjustable screw to 
materials such as springy brass strip. Invariably, the metal to 
which the screw is to be fitted is too thin to be tapped, and it 
becomes necessary to solder a nut to it. The problem then arises of 
suitably positioning Che nut and of ensuring that a reliable solder 
joint is made. 

The accompanying diagram shows a scheme which the author 
has found to work very satisfactorily. 

First drill a clearance hole in the thin metal, to suit the screw 
which is to fit the nut. Then tin around the hole using resin cored 
solder. 

Next, select a brass nut to be soldered to the strip and similarly 
tin the surface which is to be in contact with the strip. 



With a steel screw fix the nut to the strip with the two tinned 
surfaces together, as illustrated. Fitted on the opposite side of the 
strip are a steel nut and a steel spring washer. Tighten the nuts so 
that the washer is compressed. 

Apply a soldering iron to the brass nut. The solder on the two 
tinned surfaces will then melt and the spring washer will force 
them together. Allow the assembly to cool and then remove the 
steel bolt, the steel spring washer and the steel nut. The brass nut 
will now be firmly soldered to the strip. 

This method relies on the facts that a small amount of flux still 
remains on a surface which has been tinned with resin cored solder 
and that the solder does not readily form a joint with the steel parts 
which are temporarily used to hold the brass nut in position on the 
strip. 

(This article originally submitted to ‘Radio and Electronics 
Constructor” by W. J. Gadsby.) 


The "Minispot” 


usually possible to feed the signal in through the aerial terminal, 
where fitted, or by coupling to the ferrite rod antenna. 

The Minispot can be coupled to a ferrite antenna either by 
laying its output lead across the coil on the rod, or forming an in¬ 
duction loop by connecting the two clips on the output leads 
together. The lead or loop should be spaced away from the rod so 
as to control the output as mentioned earlier. 

The Minispot can also be used as a signal injector. As you may 
remember, the heart of the signal injector we described last June 
was a multivibrator — and there is a multivibrator in the Minispot. 
Because a multivibrator produces near square waves, they are 
rich in harmonics — making them suitable for troubleshooting in 
almost any audio or RF circuit. 

Both types of circuit are treated in the same manner — you 
start at the speeaker and work backwards, until you find the stage 
which is dead. With an audio amplifier, you should notice the 
strength of tone increasing dramatically particularly as you ap¬ 
proach the preamplifier stages. Keep one handy ready to turn the 
wick down if you don’t want to shatter your eardrums! 

Much the same behaviour would be expected when working 
from the detector of a receiver back towards the aerial, but the 
increases in gain may not be so apparent. While each stage 
provides amplification, it also provides selectivity which chops off 
the sides of our very broad signal. Experience with circuits which 
are known to be working correctly will provide a good basis for 
comparison. 

For more information on using a signal injector, refer to the 
issue just mentioned — June 1973. All comments which were made 
then still apply. 


ARE YOU SEEKING A 

SECURE POSITION 

IN RADIO COMMUNICATIONS? 

The Department of the Northern Territory in Darwin 
requires the services of several Tradesmen (Radio) to 
carry out regular repairs and maintenance to mobile 
radios and to convert or modify sets for the Northern 
Territory radio network. Assist with the installation, 
testing and modifications of radio equipment and test 
equipment as required. 

If you are a qualified or suitably experienced radio 
tradesman with a knowledge of solid state techniques 
and HF and VHF transceiver equipment then write to 
us now. 

CONDITIONS 

SECURITY You become a permanent officer of 
the Australian Public Service. 
SALARY $5067-5313 a year plus District 
Allowance. 

DISTRICT ALLOWANCE 

Married $700 a year. Single $400 a 
year. 

TAXATION a concession of $540 a year plus an 
allowance equal to half the total 
deductions for dependants may be 
allowable. 

ACCOMMODATION 

Married accommodation available at 
10% of the minimum of the salary 
range. There is a waiting period of 
approximately 12 months from the 
date of arrival in the Northern 
Territory; however, interstate 
•married officers who obtain private 
flat or house accommodation during 
this waiting period may be paid a 
reasonable allowance to cover the 
higher rental involved. Single ac¬ 
commodation immediately 
available. 

REMOVAL EXPENSES 

Are paid from place of residence to 
Darwin. 

RECREATION LEAVE 

6 week's a year. Leave fares 
provided every two years. 

SICK LEAVE 

Accumulative sick leave of two 
weeks on full pay and two weeks on 
half pay each year. 

SUPERANNUATION 

Officers contriDute to either the 
superannuation or provident fund. 
ELIGIBILITY Australian Citizens or other British 
Subjects are eligible for ap¬ 
pointment. 

Applications stating full details of qualifications and 
experience together with full name, date and place of 
birth to be forwarded by Airmail, to: 

Director, Establishments & A.D.P., 

Department of the Northern Territory, 
DARWIN, N.T. 5790. 
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Forum 

Conducted by Neville Williams 


A practical stereo balance meter — oris it? 


Wishing to be helpful, a reader from Geelong has forwarded to us an article 
from an overseas magazine on the subject of stereo balance. It suggests how a 
stereo balance indicator could be made, thereby casting doubt upon our 
remarks on the subject in the March issue. 


As you may remember, discussion of the 
subject arose out of a letter from a West 
Australian reader, who prompted us to 
remark that some listeners seemed to get 
altogether too uptight about stereo balance. 
Perhaps it indicated an undue preoc¬ 
cupation with the amplifier controls 
generally which, in turn, fostered the 
situation where, the more you fiddled, the 
more you needed to! 

Such preoccupation often led to a demand 
for some kind of a meter which would 
display balance visually and permit the 
balance control to be set precisely. 

We rejected this idea, in the March ar¬ 
ticle, on the grounds that it was based on a 
wrong assumption: “. . . that the content of 
the respective channels is similar and 
therefore capable of precise electrical 
balance.” 

But this problem is not seen as a deterrent 
by a contributor to the particular overseas 
magazine. The author shows how a stereo 
balance indicator can be put together using 
a metal box, sundry bits and pieces and a 
centre zero meter. You connect it to the 
respective output circuits of a stereo am¬ 
plifier and adjust the balance control until 
the meter pointer remains stationary while 
the amplifier does its stuff. 

Minimum deflection means that there is a 
minimum difference between the two 
signals — which means that they are ef¬ 
fectively balanced. 

The writer claims that a single meter 
pointer dependent on “difference” is much 
easier to monitor than two separate poin¬ 
ters bobbing back and forth across their 
respective scales. He says: “it records the 
difference between the two channels. If the 
left channel is stronger than the right, the 
meter swings to the left. If the right channel 
is stronger, the needle moves the opposite 

Fair enough, but that’s as far as we can go 
along with him. 

If precise balance is to be expected and 
achieved, it would be essential to have a 
mono record on the turntable, but to play it 
in stereo mode. That way, the entire stereo 
chain would be operative but the energy fed 
to the stylus would be as balanced as it is 
ever likely to be. Electrical balance could 
theoretically be achieved. 

Unfortunately, nowhere does the writer 
mention this very essential qualification. 


The whole implication of the article is that 
perfect stereo balance can be achieved 
under normal stereo listening conditions. 

As we pointed out in the March issue, the 
whole stereo system relies on the assump¬ 
tion that there will be a difference between 
the respective channels — sometimes a 
very obvious difference. As we said: “What 
about recordings when the strings on the 
left are supposed to be dominant until it is 
time for the woodwinds on the right to take 
over?” 

In a roundabout way the writer actually 
admits to the reality of this point. His circuit 
shows a meter off-on switch the function of 
which is explained thus: “The switch keeps 
the meter shut off when it isn’t needed, thus 
saving wear on its delicate parts!” 

What wear? If the system is as easily 
balanced as implied, and if balance is 
perfect and complete, there will be no 
movement of the needle and no wear! 

What one would expect and what the 
article doesn’t explain is that there will be 
side to side movement of the pointer under 
typical stereo conditions — sometimes quite 
pronounced — hence the concern to save 
unnecessary wear and tear on the meter 



The circuit of a stereo balance meter, as 
suggested in an overseas magazine. Work it 
out if you can. The meter is a 100-0-100 
microamp movement, the transistor a 
2N1303 and the transformers Ik: 100k. 
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movement. 

To make sense of the meter reading in 
these circumstances, one would have to 
observe the pointer over a period of time 
and try to set the balance control so that the 
average deflections to left and right of 
centre were of the same general order. If 
the pointer tended to deflect more obviously 
and continuously to one side or the other, a 
counter adjustment of the balance control 
might be indicated. 

Of course, such reliance on subjective 
judgement rather spoils the simple 
message of the article, but it does happen to 
be fact. 

In short, if we plan to set up some kind of a 
balance indicator, we should at least get 
straight what we expect of it. 

In other respects also, the text is more 
eloquent than technically convincing. The 
writer says: “Nor does balancing by ear 
ensure a perfect result, because room 
acoustics and speaker placement can fool 
your ears.” 

Fool your ears? Good grief! 

If I’m stuck with a furnishing and 
acoustic situation which puts one loud¬ 
speaker at a disadvantage, then surely the 
logical thing is to favour it with the balance 
control until the program sounds right. 

I subscribe to the old fashioned idea that 
music is intended for ears, not eyes! 

Fool your ears? What next? 

The article goes on: “In the same way you 
can also check out your bass and treble 
controls to ensure that they are affecting 
both channels equally.” It suggests that, 
having set the balance control for zero 
deflection under normal “level” listening 
conditions, you run the bass and treble 
controls through their range to see whether 
they affect balance. 

If they don’t, that’s fine. If they do, your 
best plan is to adjust for equal channel 
balance with the controls in the position 
where you most commonly leave them. 

Again, this test could only have some 
valid basis if performed with a mono signal 
source. 

But, even then, there would be grounds 
for debate. With frequency response in the 
spotlight, one’s ears are more than ever 
likely to be the final arbiters. 

Last but not least, we come to the circuit. 
If the objective was purely to display a 
difference component, it would be possible 
to string a suitable isolating transformer 
between the two actives, rectify the voltage 
across the secondary, and apply the 
resultant to a meter. With perfect balance 
and no difference signal, there would be no 
rectified voltage and no meter deflection. 

This simple circuit arrangement would 
have the limitation that the meter would 
always read in the one direction in the 
presence of unbalance, no matter which 
channel happened to dominate. In short, it 
would indicate a balance condition but could 
not separately display the dominance of the 
respective channels. 

To achieve this objective, one would 
normally expect to rectify the two signals 
separately and to apply the DC components 
to a centre zero meter in such a way that 
they would tend to deflect the pointer in 
opposite directions. Under balanced and 
symmetrical conditions the currents would 
cancel and the meter would remain at 
centre zero. 

This is what the author has apparently 
had in mind to do but what one would expect 
to be a fairly simple and symmetrical 
circuit turns out to be just the reverse. In 






















Component Part Lead Times 

Dec. ’73 Lead 

Mar. ’74 Lead 

Product 

Time (Weeks) 

Time (Weeks) 

Microcircuits: 

CMOS. 

. 25 

22 

DTL/RTL. 

. 18 

18 

MOS. 

. 20 

20 

Operational Amps. 

. 22 

22 

TL. 

. 20 

20 

Discrete semiconductors: 

Power rectifiers. 

. 15 

15 

Power transistors. 

. 20 

18 

RF transistors... 

. 15 

15 

Capacitors: 

Ceramic. 

. 30 

36 

Film. 

. 18 

40 

Glass. 

. 22 

28 

Mica. 

. 26 

26 

Tantalum. 

. 30 

60 

Resistors: 

Carbon composition.■. 

. 14 

14 

Metal film. 

. 36 

37 

Wirewound. 

. 16 

16 

Wirewound precision (variable). 

. 16 

16 

Relays: 

Crystal can. 

. 13 

16 

Delay lines. 

. 8 

12 

Coils... 

. 14 

16 

Printed circuit boards: 

Multilayer. 

. 16 

16 

Two-sided. 

. 14 

14 


If readers had any doubts about the difficult supply position for electronic components, they 
should be offset by this summary issued by Motorola and published in a recent issue of 
"Aviation Week St Space Technology". The figures relate to the American avionics industry, 
which is in a position to press its demands. The 1974 lead times on capacitors are par¬ 
ticularly long. 


fact, it looks like a beauty for an argument 
in a club or workshop situation, over a cup 
of tea. 

Has the author been clever, or devious or 
merely confused? Or has the draftsman 
made one or more errors? If so, and if the 
original intention was to use the transistor 
as a double rectifier, what correction of a 
presumably simple slip would make the 
drawing right? 

Have fun. It’s a beauty! 

Getting right away from audio and stereo, 
a letter to hand from one of our long-stan¬ 
ding New Zealand readers registers his 
early reactions, as a user, to colour 
television. Omitting some of the more 
personal matter, his observations might be 
summarised thus: 

Colour receivers are in very short supply 
and at the time of writing Imid February) 
there are still only a few thousand colour 
sets in use. 

/ have a Philips model K9, 24-inch and / 
was fortunate enough to get it in time for 
Princess Anne's wedding, which was 
transmitted to NZ by satellite. It was just 
marvellous and the best I have seen 
anywhere in the world, with the exception 
of some parts of England itself. 

There is plenty of brightness in the pic¬ 
ture; in fact, there is brightness to spare. 

/ am 13 miles from Christchurch Channel 
TV3. 

The Commonwealth Games were telecast 
completely in colour from Marconi mobile 


units and again, for all practical purposes, 
the colour was perfect. So we've had the 
Royal wedding, the Games opening and the 
Royal Family, and the opening of 
Parliament. 

In fact, about 95 % of current program¬ 
ming is in colour. When the statidn goes 
over to colour, there is about ’A-second 
delay so I assume that the receiver's colour 
circuitry is being triggered by the burst 
signal. 

In fact, / would say that the programs 
have improved immensely since the in¬ 
troduction of colour and it may well be the 
same story in Australia. This might be a 
relevant observation for those who are fond 
of saying that they will not pay out for a 
colour set until the programs get better. 

The Auckland transmitter was converted 
over from monochrome to colour, most of 
the new equipment being solid-state rather 
than valve. The second station for the area is 
to be on UHF. 

Sets are pretty expensive in New Zealand, 
with a duty content of 40%. My own set 
cost $850, with a licence fee of $35 per year 
(for colour). 

Many people have been holding off 
buying a set, hoping for a price reduction 
and the ones who got the available sets 
were those who placed their order early. 
There would be quite a rush on colour now, 
if more sets were available. 

H. H. (Kaiapoi, NZ) 


In fact, I haven’t seen a lot of reaction 
from NZ on the subject of colour TV, 
possibly because of the limited amount of 
colour viewing in NZ, and because the 
subject is still at relatively low key in 

But, meantime, there is a lot of activity in 
the “pipelines” and it won’t be too much 
longer before receivers appear on the 
showroom floors with price tags attached 
and the implication that you can buy and be 
ready. 

When that happens, you can expect a 
proportion of colour programming to ap¬ 
pear on the air — as it has already — so that 
a significant number of colour receivers 
will be installed, adjusted and operating 
reliably by the time the service is officially 
inaugurated. 

Curiously, while I was in the very act of 
laying out this page, there arrived a rather 
historic document: the first sales brochure 
to land on my table, unsolicited, for 
Australian colour television receivers. 

The brochure introduced two of the new 
HMV models, the “Diplomat” with a 22-inch 
screen and the' “Ambassador” with a 26- 
inch screen. 

The receivers operate to PAL “D” 
standards and are fully solid-state, with a 
mixture of IC’s, discrete transistors, 
thyrystors and diodes. Because of this, 
according to the description, the size and 
weight of the swing-up chassis is com¬ 
parable to that of an existing monochrome 
receiver, even though there is about 2 A 
times the amount of electronic circuitry. 

Of no less interest is the price which is 
simply shown as “Recommended retail 
price $750-$850”. It is not clear whether this 
relates to the individual models or is an 
early rough guide, but it bears a strong 
resemblance to the figure quoted by H.H. 


RADIO 

DESPATCH SERVICE 

The Independent Wholesaler 
869 George Street, Sydney 
Telephone 211 0816,211 0191 

Radio and Electrical Distributors — Open 
Saturday mornings — Agents for Cbndor 
lamps. 

TEACH YOURSELF ELECTRONICS 

ELECTRONIC KITS 

20 in One Kit. Build 20 Circuits. Consists 
of Integrated Circuit, Transistor, 
Speaker, Tuning Gang, Aerial Rod with 
Coil, 4 Resistors, 4 Capacitors, Morse 
Key, Solar Battery. $11.61 

50 in One Kit. Build 50 Circuits $17.42 
80 in One Kit. Build 80 Circuits. Kit in¬ 
cludes: 6 Capacitors, 6 Resistors, Solar 
Cell, Aerial Coil, Diode, 2 Transistors, 
Audio Transformer, Relay, Tuning Gang 
Potentiometer, Crystal Earphone, 
Jumper Leads, Morse Key, Microphone, 
Speaker, Galvanometer All mounted into 
a wooden base. $19.94 

ALL KITS INCLUDE IN¬ 
STRUCTIONS AND BAT¬ 
TERIES 

Prices subject to change 
without notice 

ALL PRICES NETT 
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The Serviceman 




How long should you stick with a fault? 

Tracking down intermittents can involve a lot of time, in more ways than one. 
As well as the time spent actually working on the device, there is the period 
over which the fault is known to exist, yet defies detection and frustrates 
owner and serviceman alike. 


This is a story about an intermittent fault 
in a TV set. While any story about an in¬ 
termittent fault is usually worth the telling, 
this one has a particular claim to fame; it 
must set something of a record for the 
length of time taken to track it down. 

The story started at a Christmas party; 
not the Christmas just gone, but Christmas 
1972; an important point in the sequence of 
events. I was introduced to a newcomer to 
the district who, as soon as he learned I was 
a TV serviceman, buttonholed me with his 
tale of woe. 

The set was a very well-known make and 
about 18 months old. It had performed quite 
satisfactorily for the usual three month 
guarantee period and for a little while 
thereafter. Then it started to play up. And, 
as the owner put it, “Every time we switch 
it on it’s a 50-50 chance whether we will get a 
picture we can watch. And if it’s crook it 
will usually run for about half an hour and 
then come good.” 

At this stage I tried to get some idea of the 
nature of the fault. He was pretty vague, but 
I did establish that it was not a geometric 
fault of any kind. Height and width were 
normal, it did not involve linearity, and it 
was not a sync problem. As he put it. “The 
picture just looks crook.” And, from the 
description he did give, I judged it to be a 
ghost or multiple image problem of some 
kind. 

He went on to explain that the first thing 
he did when this happened was to call the 
manufacturer’s service department. They 
sent out a serviceman, who seemed to fix it, 
but a few weeks later the trouble was back 
as bad as ever. He tried the same service 
department again, with almost exactly the 
same result. 

“So I gave them away. They charged like 
a wounded buffalo, too!” 

After that he tried numerous other ser¬ 
vicemen — “Lord knows how many” — but 
always with the same result; a cure after 
the serviceman had fiddled with it, then 
back into the old routine after a few days or 
a few weeks. 

Thus, so far, he had suffered with the 
problem for something like 15 months — 
and spent a small fortune on service calls. 1 
wouldn’t have been human if I hadn’t felt 
some sympathy for him, particularly in the 
social atmosphere in which the story was 
told. I also felt that he had been given a raw 
deal by the service industry generally and 
by the manufacturer in particular. 

No one knows better than I that in¬ 
termittent faults can be extremely costly to 
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locate, and that a service department often 
loses money on them. But surely a manu¬ 
facturer’s own service department can do 
better than simply prod and poke until the 
fault vanishes on a temporary basis. Surely 
they should at least be able to recognise the 
situation as being intermittent. And having 
done so, would it have been all that ex¬ 
pensive to loan the customer another set 
while the backroom boys got stuck into the 
offending chassis? Who knows, they might 
even have learned something (I did). 

Against this background I stuck my neck 
out. 

“Look, I appreciate that you seem to have 
had a raw deal. I’ll have a look at the set, 
give you my opinion, and I won’t charge you 
unless I can fix it. How’s that?” 

“Fair enough,” he agreed, and we drank 
to it. 

A few days later I was ushered into his 
lounge room and introduced to the offending 
set. On my instructions he had not switched 
it on, so I did so myself and waited. As the 
picture came up I realised that we were 
lucky; the fault had elected to appear. As I 
had surmised, it was a multiple image 
problem whereby every sharp demarkation 
between black and white was repeated 
several times, producing a quite grotesque 
effect. It is usually caused by ringing 
somewhere in the signal circuits and ex¬ 
perience has taught me that it is almost 
always in the video amplifier. 

The set featured a fold-back chassis 
which at least made it easy to get at, so I 
swung this open and made for the video 
amplifier stage. Using an insulated prod I 
began tapping the chassis in the immediate 
vicinity, hoping that, if it was a mechanical 
fault, I might get some clue as to its 
whereabouts. And a fat lot of good that did. I 
hardly touched the chassis before it came 
good, and nothing I could do would being it 
back. 

In the circumstances, there was nothing I 
could do except explain the situation to the 
owner and request that he call me again 
when the trouble re-appeared. 

I heard nothing more from him for about 
a month, and I was beginning to wonder 
whether he had written me off as just 
another failure. In fact, I was on the point of 
dropping in, when he called me. Apparently 
it had performed perfectly during the whole 
of this period and had only just failed again. 

This time I approached the chassis with 
rather more caution. One cause of this type 
of trouble is a failure of one of the various 
peaking chokes used in a video amplifier. 


Where these are wound on a resistor, it is 
possible for the stage to continue operating, 
in a fashion, by virtue of the current path 
through the resistor. And a convenient way 
to find an open choke is to short it out. 

I decided that this was to be my line of 
attack this time. So I very carefully un¬ 
folded the chassis and, with the gentlest 
touch possible, shorted each choke with a 
clip lead, one by one. All I established was 
that no chokes were faulty and that Mur¬ 
phy’s law still operated. Before I could 
make any further tests the set came good. 
So I left, repeating the advice to call me 
when it failed again. 

It was three months before I heard from 
the owner again, and he assured me that it 
behaved perfectly all that time. But now it 
was playing up again. So I had another go at 
it. Frankly, I forget what I tried to check 
this time but it doesn’t really matter; the 
set came good before I made any progress. 

In fact, this same procedure was repeated 
on two more occasions over the following 
months until suddenly it was Christmas 
again and I realised that I had been 
sparring with the thing for nearly a year. I 
made up my mind that the next time it 
failed I would suggest a more drastic ap¬ 
proach, such as putting it on the workbench 
until the situation was resolved one way of 
the other. 

Towards the middle of February the 
owner called me again. It was the same 
story and I was about to suggest the all-out 
approach when he forestalled me. 

“We’re going away for a week’s holiday. 
Would you like to run it in your workshop 
during that time?” 

Well, it seemed an ideal opportunity, so I 
readily agreed. 

When I picked the set up from the 
customer’s home it was faulty. When I set it 
up on my own bench and switched it on — 
yes, that’s right—it behaved perfectly. And 
for the next six days I switched it on several 
times a day in the hope that it would 
misbehave. Not a bit of it. Perfect per¬ 
formance all the time. 

By the seventh day I was desperate 
enough to try anything. Still convinced that 
it was in the video amplifier circuit I started 
prodding and probing — in the manner I had 
done a dozen times before — in an effort to 
make it misbehave. Nothing showed up 
until I removed the shield from the video 
amplifier valve — a 6EB8 — and tapped the 
valve. 

Suddenly the fault was there and I 
thought, “You little beauty, it’s the valve! ” 
Then I had second thoughts. I had already 
replaced the valve once and, while not 
impossible, it seemed unlikely that I would 
strike two faulty valves in a row. 

To settle it I plugged in another valve. 
That seemed to cure it, but when I plugged 
in yet another it was back again. I spent the 
next few minutes withdrawing and inserting 
valves trying to establish a pattern, but 
there was none; results were completely 
random. 

Immediately I realised this the penny 
dropped. It was nothing to do with the valve, 
but almost certainly something to do with 
the valve socket or shield. 

Thus alerted I began a detailed 
examination of all the socket connections. 
All the connections seemed to be intact and 
well soldered and, as far as I could tell, the 
socket connections to the valVe pins were 
also functioning correctly. At the same 
time, I considered the possibility that the 
socket might have to be changed if no 
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definite defect was discovered. 

It was probably this thinking which lead 
me to the fault. I glanced at the two eyelets 
holding the valve shield base to the chassis 
— and found the fault staring me in the face. 
The 6EB8 cathode connection, plus all the 
other chassis connections for the stage, 
terminated at the one point; a perfectly 
soldered joint in the centre of one eyelet. 
The only snag was there was no reliable 
connection between the eyelet and the 
chassis. It was easy to show that it could 
vary from poor to non-existent, and it would 
undoubtedly vary with temperature, 
vibration or electrical disturbances. 

Not much wonder the stage misbehaved. 
While I can’t be sure exactly what was 
happening I imagine it became marginally 
unstable, such that it produced damped 
oscillations, or ringing, whenever it en¬ 
countered a steep wave front. This would 
certainly account for the horrible image it 
produced. 

And so another intermittent fault was 
finally tracked down, but only after a 
search extending over nearly two and a half 
years and involving innfimerable ser¬ 
vicemen. As I said at the beginning, it must 
establish some kind of record, though not 
one about which anybody can be par¬ 
ticularly proud, particularly the operator 
who made the joint, or the examiner who 
passed it. It had meant two and a half years 
of frustration for the owner of the set, to say 
nothing of considerable expense. 

But he was a happy man when I told him 
the story, and even when I presented my 
account. This was fairly substantial but, I 
felt, not unfair. After all, I had not charged 
for any of the abortive visits I had made, so 
I felt I was entitled to a reasonable fee now 
that I had finally tracked it down. Assured 
that the fault really had been found, the 
owner paid up with a smile. 

As a relief from such heavy going, here is 
a complete change of scene and some 
stories in lighter vein. 

One of my readers, who was a serviceman 
in the early twenties, has recalled the 
general background and a number of in¬ 
cidents from that experimental era. As he 
suggests, it should awaken memories in the 
older hands and enlighten the new. 

This was an era when,'in spite of its crude 
beginnings, radio was finding its way into 
the homes of the curious. There were no 
superheterodynes, no multi-element valves, 
and the humble triode was the wonder of the 
age. Tuning capacitors were not ganged and 
moving coil speakers were not known. 
Speakers were mainly oversize earphones 
coupled to a horn, though there were a few 
cone types usually driven by a balanced 
armature movement. Resistance capaci¬ 
tance coupling was unknown and audio 
stages were coupled by poorly designed 
transformers. 

Batteries were the only source of power 
and a typical outfit would use an “A” 
battery, usually a 6V car battery; a “B” 
battery consisting of three heavy duty 45V 
dry batteries to make a total of 135 volts, 
and a “C” battery to provide bias, normally 
with several tappings up to -9 volts. The 
bulk and weight of the batteries alone was 
sufficient to disqualify any claims to port¬ 
ability. 

I was living in a town outside Mackay, 
some 700 miles north of Brisbane, when the 
radio bug hit me. My first set was a TRF 
with reaction, connected to a very long 
aerial — and it worked. As it was the first 


set in the district it was customary to hold 
listening sessions to which neighbours 
would come from near and far to see this 
latest wonder of the age. 

One visitor was an eighty years old 
English gentleman. Dressed in his Sunday 
best he sported a chain across his waistcoat 
to which was attached a twenty guinea 
Hunter (watch). From the way he treasured 
it I have no doubt he firmly believed that the 
sun rose and set by it. 

His first remark, on examining the equip¬ 
ment, was, “You call that a wireless, old 
chap? Why, it’s all bally wires.” There were 
no metal chassis in those days, and all 
wiring was above the baseboard. 

Anyway, the old gentleman sat back and 
listened to the broadcast. All went well until 
the announcement, “The time is now 9 
o’clock.” He jumped to his feet and, with the 
agility of a western hero beating the villain 
to the draw, had his precious Hunter out of 
his pocket. He studied it carefully for a 
second or so and then shouted incredu¬ 
lously, “It took no time to get here — no 
time at all!” Then, dazed, he sank back into 
his chair, apparently completely awed by 
this aspect of wireless. 

The nearest transmitter was in Brisbane, 
700 miles away, and reception was possible 
only at night. Also, since there was no such 
thing as AGC, reception was often marred 
by severe fading. Particularly when listen¬ 
ing to radio plays it was customary to turn 
out the lights and this, plus the fading, 
produced an unexpected side effect; it 
enabled the young people to get better 
acquainted. 

On one occasion during a play there was a 
complete and prolonged fade followed by a 
quite sudden restoration of signal at full 
strength, as sometimes happened. The 
timing was perfect; out of the silence one of 
the play’s characters suddenly announced, 
“They kissed, they kissed; I saw them do 
it!” And from one of the darker corners of 
the room there was a subdued commotion 
as a young couple disentangled themselves 
and glared sheepishly at the speaker, 
doubtless suspecting that it had acquired 
the gift of sight. 

The audio system of these old sets often 
consisted of three transformer coupled 
stages. Transformers were of quite poor 
design and exhibited pronounced resonance 
peaks in their response curves. With more 
than one having the same peak the response 
of the system was quite poor, and it was 
customary to shunt the primary and sec¬ 
ondary windings with resistors to smooth 
the response and render the output intellig¬ 
ible. 

One dear old lady complained of noise in 
her set. A general clean up of connections 
helped a little, but not enough. Then 
my attention was drawn to a more probable 
cause of the trouble ; the resistors across the 
transformers. On changing these the noise 
vanished and the general “tone” of the set 
was much improved. Apparently the resis¬ 
tors had gone both noisy and high. 

The old lady was delighted and loud in her 
praise. “It is perfect; it is better than new,” 
she kept repeating. Embarrassed by the 
Shower of praise I quietly packed my tools 
and edged towards the door. But she called 
me back. “You did such a good job on the 
wireless, would you please tune my piano 
for me.” 

I had to tell her that I knew nothing about 
tuning pianos but, to preserve some of her 
high opinion of me, I refrained from telling 
her that I was, in fact, tone deaf. ® 


Bookworms 

Corner 



COLOUR TV BOOK SCOOP 




Dick Smith Electronics 
160-162 Pacific Highway 
Gore Hill. 2065 439 5311 
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Lamp Holder 


Enlarged view showing 
silver plated bridging 
contacts with their 
spring balance for the 
best contact pressure 
and durability 


FL Lamp 
Lighted Series 


SERIES F: Contact spacing, mounting methods and plunger dimensions conform to the accepted world 
wide practices of the Broadcasting Industry. When designated Series FL, the switch is available with 
lamp holder for lighted buttons. It is possible to remove the plunger and bridging contacts from 
the front of the switch without disturbing the switch position or electrical connections, by lifting 
out locking staple or plastic bar (as shown centre above). Replacing the wire staple with ~ 

plastic bar converts switch from push to momentary and interlocking action. 

FEATURES: Inexpensive—Proven dependability—Modular design—Versatile—Com¬ 
pletely enclosed—Up to 10 PDT—Infinite combinations—Solder lugs or PC terminals 
—Smooth slide action—Large selection of chassis spacings, button styles and 
colours—UL, CSA and Local Supply Authority approved 4A 250V Power Switch 
—Stand-offs moulded on bottom to hold switch parallel to PC board. 

FA INDICATOR BUTTONS: These buttons work on the principle of 
reflecting ambient light through a clear plastic lens. Needs no power 
supply, lamp, lamp holder, switch contact or wiring. A MUST for 
switching requiring indication of switch position. 

NATRONICS PTY. LIMITED . 

IRH COMPONENTS DMSION 

THE CRESCENT, KINGSGROVE, N S W. 2208. S ^ 

PHONE: 50-0111 ^ ~ ^ 
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Letters to 
the editor 


The views expressed by correspondents are 
their own and are not necessarily endorsed 
by the editorial staff of "Electronics 
Australia". The Editor reserves the right to 
select letters on the basis of their potential 
interest to readers and to abbreviate their 
contents where this appears to be ap¬ 
propriate. 

Omnidirectional? 

Referring to your article in the issue of 
Electronics Australia, March 1974, page 
eleven, entitled, “The case for om¬ 
nidirectional speakers”, I would like to 
make a pertinent comment. 

The Bose concept prescribes a direct to 
reflected acoustic ratio of 1:8 ap¬ 
proximating that of concert halls, a 
parameter quite justified. 

However, the term, “omnidirectional”, is 
used to describe the Bose 901 speakers. I 
feel that this is a misnomer. In its truest 
sense, omnidirectional means the same 
frequency response at all axes to the 
speakers including the direct to reflected 
sound ratio. 

The Bose 901 does not satisfy this 
parameter. Why? The direct sound com¬ 
ponent is produced by a forward facing 
speaker, exhibiting the usual charac¬ 
teristics of such a speaker namely at¬ 
tenuated off axis response. This means that 
this component is highly directional, and 
one’s listening position is as critical as with 
normal forward facing speakers, if one 
wishes to achieve the correct direct/ 
reflected sound ratio. 

Instead, the Bose 901 should be termed 
multidirectional, not omnidirectional as 
satisfied by the Sonab range of speakers. 
Sonab of Sweden produce speakers that 
employ the principles of Professor 
Carllsson. The essential design parameter 
is similar to Professor Bose's. That is, 
approximately 90% reflected sound. 

Except in one important parameter 
Carllsson’s design produces circular wave 
fronts, and off-axis attenuation is absent, a 
feature not present in Bose’s speakers. 


PROTECTOR 



One’s listening position is not restricted as 
much as the position needed for the Bose 
901. 

Sound propagation naturally is more 
accurate, and subjectively, more natural. I 
feel, therefore, that the term om¬ 
nidirectional be reserved for Carllsson’s 
design, and multiple direction for Bose’s. 

L. A. G. Hissink (Kambalda West, W.A.) 
COMMENT: We agree that there is room 
for argument about the meaning of the 
terms omnidirectional and multidirec¬ 
tional. There might also be argument about 
the point of view expressed here since, with 
the Sonab system, the listener may or may 
not intercept some directly radiated sound. 
Is either system omnidirectional in the 
sense of approximating a pulsating sphere? 

Metric time troubles 

Since buying the April issue of E-A and 
reading the article on Metric Time (p.47) I 
have shown this article to 30-odd people. 
About half of them thought it was an April 
Fool joke, while the others have taken it 
seriously and are quite worried about it. I 
am now rather confused and don’t know 
what to think. Although it is pretty far 
fetched in places I wouldn’t be surprised if it 
were true, considering some of the things 
that have been changed to Metric. Could 
you please settle this matter? I am 14 years 
old, and believe E-A is the best electronics 
magazine on the market. 

Wayne Bertram (Clearview, S.A.) 

I wish to congratulate you on an excellent 
magazine. However the article in the April 
issue concerning the changeover to Metric 
Time puzzles me. As this matter has not 
been publicised before, to.my knowledge, 
and its sincerity has been doubted by 
associates, I must ask you whether or not it 
is an April Fool’s joke? 

Alan Fox (Blanchview via Helidon, Qld) 
COMMENT: These readers were not alone 
in their puzzlement about the item — we 
received quite a few anxious calls, and we 
understand that the metric conversion 
people had many also. Yes, it was purely a 
little innocent fun, in keeping with our 
publication date of April 1. 

Data transmission 

On page 47 of the March issue you 
described a meter reading system which 
uses normal telephone lines to transmit 
data. I am aware that such systems are in 
use overseas, but from the little I know of 
the APO it would seem unlikely that such a 
system would be accepted in Australia. Do 
you know of any similar system actually 
approved by the APO, or the position taken 
by the APO concerning such systems? 

C.E.M. (Allawah, NSW) 
COMMENT: While we don’t have any 
specific information on similar systems 
operating in this country, or on APO at¬ 
titudes towards such systems, we wouldn’t 
rule the idea out. Presumably the data 
would be transmitted via standard 
modems, and these are already in use. ® 


COLOUR 

TV 

SERVICING 

Prepare NOW for C-DAY 

To help you prepare for the big 
rewards of Colour TV Receiver 
Servicing The Australian School 
of Electronics offers a unique 
Programme of Courses. 


COURSES: 

• Solid-state technology 

• Colour TV Receiver Servicing 
(Theory) 

PREPARATORY COURSES: 

• Fundamentals of Electronics 

• Radio Receiver Servicing 

• TV Receiver (B Et W) Servicing 

SPECIAL COURSES: 

• Digital Electronics 

• Digital Systems 

If you prefer to study in your 
home, you may enrol in the 
HOME STUDY PROGRAMME. If 
you prefer to study under the 
Personal Tuition of our top-line 
Lecturers, you may enrol in the 
PERSONAL TUITION PRO¬ 
GRAMME. All students are in¬ 
vited to attend for the PRAC¬ 
TICAL TRAINING PRO¬ 
GRAMME. For further details of 
these exciting and rewarding 
PROGRAMMES write requesting 
FREE BROCHURES. 

AUSTRALIAN SCHOOL 
OF 

ELECTRONICS 
43 Martin Place, 

Glen Waverley 3150. 
Telephone 232 7637, 

A.H. 233 3484 

"THE FINEST IN 
ELECTRONIC TRAINING" 
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Listening to 
music in the home 


When we listen we become engrossed in 
the music and. with good equipment, we 
can often obtain the same satisfaction 
that we would enjoy in the concert hall. 
Of course, there are differences between 
the real and the reproduced. Many of 
these we recognise as such; we come to 
terms with them and they do -not intrude. 
More serious perhaps are the distortions 
which we do not consciously notice but 
which are nevertheless continuously 
producing a contradiction between the 


actual and the imagined. They produce 
listening fatigue, a condition detrimental 
to the true objective. These distortions 
have little to do with the popular 
conceptions of HI-FI or LO-FI sound; on 
the other hand they have much to do with 
good or bad engineering. 

Write for free illustrated literature to 
British Merchandising Pty Ltd, 

49-51 York St. Sydney. 

Or telephone 29-1571, 


QUAD 


for the closest approach to the original sound 

QUAD is a Registered Trade Mark. 
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Classical 

Recordings 

Reviewed by Julian Russell 



Haitink man and I am writing this after 
having heard only the first four sym¬ 
phonies. Does he keep up this exalted 
standard for the rest of the series? I hope so. 
If he does you will have an impressive 
example of mental and emotional discipline 
insisting on the same response from the 
orchestra. And I finish by adding that these 
are my own intensely personal views and 
that they might well not be yours. 

* * * 


Mahler: Symphonies 1-4 

MAHLER — Symphonies Nos. 1-4 (in box). 
No 1 in D Major; No 2 “Resurrection” in 
C Minor; No 3 in D Minor; and No 4 in D 
Major. Concertgebouw Orchestra of 
Amsterdam conducted by Bernard 
Haitink with in No 2 Emmy Ameling 
(soprano), Aavfje Heynis (contralto) 
and the Dutch Radio Chorus. Philips 
Stereo No 6711 003 

To award this superb set the detailed 
review it deserves would fill much more 
space than is available to me here. I shall 
therefore give you my opinions on the first 
symphony as a sort of sample of other 
riches contained in this box of six discs. 

It is important for two reasons not to 
confuse this recording of the First Sym¬ 
phony with the one Haitink conducted for 
Philips in 1963. The very first bars show the 
improved quality of the engineering and, as 
the work goes on, Haitink’s firmer, clearer 
grasp of Mahler becomes more and more 
apparent. The dynamic range is very wide 
indeed and you may need to adjust your 
volume control with care to bring in the 
distant brass flourishes at the beginning, 
which are in quite wonderful perspective, 
without later being blasted out of your seat 
by the climaxes. This wide range has been 
handled without any distortion except for 
one spot on Side 1, but may well come 
through your system without this defect. 

Taking a wide view of Haitink’s in¬ 
terpretation I might describe it as not so 
self-indulgent as that of the Solti-Bernstein 
school. Haitink avoids as far as possible 
Mahler’s many emotional excesses and 
even goes so far as to refine some of the 
composer’s juiciest — and let’s face it — 
banal melodies. Indeed he even goes so far 
as to ennoble some of them. Nor does he 
seem to be very much in sympathy with 
Mahler’s grandiose Germanic 
metaphysical preoccupations. For a long 
time now I have leaned towards Kubelik’s 
easy charm in these symphonies, issued 
under the DGG label. 

I realise that, by making the above state¬ 
ments, I am perhaps inhibiting general 
public acclaim for Haitink. Nothing could 
be further from my intention. Indeed the 
more I play his readings the better I like 
them. True there are movements in these 
symphonies that I prefer in other versions 
but, everything considered, when it comes 
to all round enjoyment, I prefer the Haitink 

However I would not like you to think 
that his interpretations are without the 
dramatic impact so essential in Mahler. To 
return to the First Symphony in Haitink’s 
easy, unbuttoned approach to the first 
movement you have whispered pianissimos 
that set off to perfection the fiery blaze of 
the climax at the end of it. Next you have 
the superb rhythmical treatment of the 
Scherzo interrupted by the schmaltzy tune 


— superb reproduction 

of what might be called the Trio. In every 
department the magnificent discipline of 
the orchestra gives one the greatest confi¬ 
dence in what to expect next. Following this 
you have the near miraculous faultless 
intonation of the double bass solo in the 
“Frere Jacques” tune or the “Funeral 
March” interlude. The quality of tone 
produced by the player is quite extra¬ 
ordinary. He makes these usually ungainly 
and ghostlike strains sound like they come 
from a real musical instrument. And later 
Haitink doesn’t whip up excitement as does 
Solti and to an even greater extent Bern¬ 
stein. Haitink leaves everything to the 
music itself without interposing his per¬ 
sonality between the music and the listener. 

The Finale, because of its character, 
reveals the clarity of Haitink’s thinking 
even more spectacularly than the other 
three superbly controlled movements. Here 
you have plenty of real energy without a 
moment of turmoil. And, importantly, there 
is no sentimentalisation of the great slow 
section. 

I have chosen the First Symphony as a 
sample because here you will find all the 
virtues of a healthy but passionate ap¬ 
proach as opposed to the more hysterical 
readings by other conductors which have 
their own great audiences. Are these dif¬ 
ferences irreconcilable to devotees? I fear 
they might be. But from now on I’m a 


POPULAR ARIAS sung by NICOLAI 
GEDDA (tenor) — Excerpts from La 
Boheme, Manon Lescaut, Gounod’s 
Faust, L’Africaine, La Giaconda, 
Eugene Onegin, Aida, Un Ballo in 
Maschera, Tosca and Turandot. With the 
Royal Opera House, Covent Garden 
Orchestra conducted by Giuseppe 
Patane. EMI Stereo No SOELP 10079, 
Series 299. 

This popular tenor offers here a wide, if 
rather hackrteyed selection of items that 
should please those who go in for this type of 
recital. Although the timbre of his voice 
does not please everybody, none can dispute 
his musicianship. I was therefore a little 
surprised to find Celeste Aida included. 
Somehow or other I can’t imagine Gedda as 
Radames though his Puccini arias — and 
there are four of them here — are faultless 
in phrasing and tonal quality. I’m inclined 
to think that his finest achievement on this 
disc is Lensky’s final aria in Tchaikovsky’s 
Eugene Onegin, and running it close is Cielo 
el Mar from Ponchielli’s La Giaconda, the 
latter a piece that seems to bring out the 
worst of indiscriminate noise from so many 
tenors, even those of some repute. The 
expert will perhaps not approve of Gedda’s 
top C in his Faust excerpt and will I think 
prefer it the way it was sung by Gigli. But 
then to compare every aria, note by note, to 
other performances by other tenors would 
be fair to none, especially as Gedda’s 
recital, taking it all round, gives you so 
much to enjoy over a very wide spectrum. 


Pop Concert: conventional, typically French 


POP CONCERT — Dukas — L’Apprenti 
Sorcier; Chabrier — Rhapsodic Espana; 
Debussy — L’Apres — midi d’un Faune; 
Ravel — Bolero; Saint-Saens — Danse 
Macabre. L’Orchestre de L’Association 
des Concerts Colonne conducted by 
Pierre Dervaux. EMI Stereo No 
SOELP10075 Series 299. 

In this now 12-year-old re-issue the sound 
is a little thin but still very clear. It is what 
used to be thought as being typical French 
sound. L’Apprenti Sorcier is given in the 
shortened form now generally in use. It is a 
conventional reading of this elegant piece 
that well deserves revival. The whole disc 
will suit those looking for a budget-priced 
record of typical French music of the pre- 
World War I period. I can’t say that I got 
very much pleasure from Dervaux’ account 
of Chabrier’s Espana Rhapsody. It is so 
mechanically treated that often, alas, it is 
all too reminiscent of a merry-go-round. 
There is a marked tendency to treat the 
music as inconsequential — which it is not. 
There is no trace of Chabrier’s wit or 
exhuberance. Older readers may 
remember what Beecham used to do with it. 
Debussy’s L’Apress-midi d’un Faune on the 
other hand is beautifully delicate and 
refined yet not without slumberous sen¬ 


suality. And in this you will hear some 
really exquisite flute playing. Dervaux may 
get a little too excited during the middle 
section where Monteux would have used 
restraint to perhaps better purpose. 

And some of the more heavily scored 
passages lack some well-needed clarity. 
But at an economy price it is eminently 
satisfactory. There are a few surface 
prickles on my pressing. And, by the way 
“apres-midi” is hyphenated as spelt here 
and not one word as it is spelt on both sides 
of the record sleeve. 

Ravel’s Bolero is properly taken in strict 
time but without the mechanical effect that 
mars the performance of Espana. But after 
all these years of listening to it I’m begin¬ 
ning to find the so-often repeated tune a bit 
wearisome. 

Saint-Saens’ Danse Macabre sounds very 
naive nowadays and Dervaux wastes little 
time in setting a brisk tempo — it may be a 
bit too brisk for many tastes — and spot¬ 
lights his soloists, including the bass drum, 
as if they were standing up to play their 
piece. I wonder if anyone now remembers 
the vocal version of Danse Macabre sung by 
the famous Russian tenor of the 1930s, 
Vladimr Rosing? It was on a 10-inch 78 and 
the words consisted mostly of “Zig-a-zig-a- 
zig.” 
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The incomparable 
BSR TD8S 8-track stereo 
tape cartridge player. 


This superb machine literally speaks for 
itself. This cunningly designed and 
engineered unit produces an extremely 
high quality stereo sound reproduction 
from an eight track cartridge. One cartridge 
will provide four separate stereo 
programmes of up to one hour and 
twenty minutes in length. The machine will 
then repeat the programme indefinitely. 
Track switching is completely automatic 
or can be selected by a simple push button 
selector. Each track is indicated as it is 
being played. 

An integral solid state 3-stage pre-amplifier 
gives a fully corrected frequency 
response ideal for feeding into the 
auxiliary input on a suitable power 
amplifier. Motor temperature is controlled 
by an integral force-ventilation system. 

The heart of the machine is a four pole 
dynamically balanced synchronous motor 
which delivers an unwavering constancy 
of speed independent of normal 
voltage fluctuations. 

The TD8S is undoubtedly the highest 


quality 8 track cartridge player available. 
But why not hear the superior sound of 
this brilliant machine for yourself at your 
nearest retailer of sound equipment, 
because as we said before, the TD8S 
literally speaks for itself. 

Technical Data 

Number of tracks: 8 (4 stereo channels); 
Tape Speed: 3| in. per sec. (9.6 cm/sec); 
Programme Selector: Automatic and 
manual; Tape Head: Nortronics 4 track 
with hyperbolic face; Pre-amp Output: 

3 stage 750 mv (nominal) 1 Kc Standard 
Reference Level Tape; Track Playback 
Sequence: 1 and 5,2 and 6, 3 and 7,4 and 8 
and infinite repeat; Wow/Flutter: Less 
than 0.3% total; Frequency Response: 
Better than 50-10,000 Hz; Power Supply: 
210-250 volts, 50 Cycle AC; Dimensions: 
Cabinet: 261 mm x 206 mm x 99 mm; 

Net Weight: 5} lbs.; Cartridge Dimensions: 
This unit will accept standard 8 track 
cartridges measuring 
139 mm x 101 mm x 22.5 mm. 
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Goldring Sales and Service (Canberra) 
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CLASSICAL RECORDS 


PUCCINI ARIAS sung by MIRELLA 
FRENI (soprano). Excerpts from 
Gianni Schicchi; Manon Lescaut; Suor- 
Angelica; La Rondine; Turandot; La 
Boheme; Tosca and Madam Butterfly. 
Some with anonymous orchestra con¬ 
ducted by Leone Magiera, others with 
the Orchestra of the Rome Opera House 
conducted by Franco Ferraris and 
Thomas Schippers. EMI Stereo No 
SOELP 10068 Series 299. 

Miss Freni has been deservedly popular 
for many years and can be heard here at the 
top of her form in a recital of generous 
dimensions. To say that she has picked the 
eyes out of Puccini’s oeuvre is not meant 
unkindly. But Puccini was always so 
frugal in the use of his star pieces — with 
the exception of perhaps La Boheme — that 
I can’t imagine him approving a collection 
of his most effective and beautiful arias on 
the one disc. However that is all to the good 
so far a% the buyer is concerned, so long as 
they are not all played at the one session. 
Miss Freni’s style might be described as 
warmly feminine, and so consistent is this 
aspect of her art that, taken in too large 
doses, it is apt to cloy. But if you choose your 
excerpts discreetly you will find little to 
complain about. I must protest however, at 
the summary ending to Liu’s aria from 
Turandot which leaves the listener way up 
in the air. I realise that this is due to the 
mechanics of filling a 12 inch side, but a 
little rearrangement of the items could have 
made this sudden cut-off unnecessary. In 
every other way this is a disc I can heartily 
recommend. 

* * * 
ELISABETH SCHWARZKOPF 
SONGBOOK, VOLUME 4 — Lie- 
der by Mozart, Brahms, Wolf, Grieg 
and Richard Strauss. Elisabeth Sch¬ 
warzkopf (soprano) with accompani¬ 
ments by Geoffrey Parsons and Gerald 
Moore. EMI Stereo OASD No 2844. 

One would have thought that Walter 
Legge’s name making a welcome reappear¬ 
ance as the recording engineer of an EMI 
disc might have ensured a better balance 
between the voice of his wife. Elisabeth 
Schwarzkopf, and her accompanist, 
Geoffrey Parsons. One might also have 
expected more changes in the Singer’s style 
on this disc than is to be found. Schwarzkopf 
has always had a distinctive style of her 
own. And how ravishing it could be and still 
is in some of the items in this recital! But in 
the past she has usually put this style at the 
service of the music — and text. But its 
success seems to have encouraged her into 
developing this aspect of her art into what 
has become a mannerism. Schwarzkopf has 
already an impressive repertoire of 
recorded recitals behind her but except to 
those who accept everything she does under 
the spell of her undeniable charm this will 
be the least enjoyable. Mozart, Brahms, 
Grieg, Wolf and Strauss all have around 
them a nimbus of effortless production and 
firm sense of pitch. 

What will be missed is diction that often 
loses its former clarity and an undif¬ 
ferentiated warmth — I almost wrote gush 
— that tends to colour everything with a 
rose pink wash — if I might be permitted to 
mix a metaphor. Moreover, one of her best 
enjoyed characteristics was her sense of 


sophisticated mischief which in this recital 
now seems to have grown rather into some¬ 
thing arch. 

However those who are still unquestion- 
ingly under her spell — and they are many 
indeed — can well ignore my remarks as 
perhaps churlish, coming from one to whom 
she has so often given very great pleasure. 

Miss Schwarzkopf is supported to perfec¬ 
tion — except for an occasional question of 
balance mentioned above — by two of the 
world’s finest accompanists, Gerald Moore 
and Geoffrey Parsons. 

* * * 

BRUCKNER — Symphony No 4 in E flat 
(Romantic). Chicago Symphony Or¬ 
chestra conducted by Daniel Barenboim. 
DGG Stereo No 2530 336. 

By now most buyers of serious records 
will have noted and enjoyed the enormous 
improvement in the playing of the Chicago 
Symphony Orchestra, which is here well 
maintained under the direction of Daniel 
Barenboim. Indeed much of the playing is of 
a quality that might well be described as 
faultless. But I have always thought — and 
still think — that Bruckner’s music needs a 
fuller maturity than Barenboim, can at 
present devote to it. Not that there is any¬ 
thing radically wrong with his reading. It is 
always correct though often a little dull, 



Daniel Barenboim: Israeli conductor-pianist. 


even in this, the most popular and readily 
enjoyed symphony of that composer. It is 
my favourite because, frankly, I am no 
Bruckner fan and tend to think of his works 
in the words of Brahms, “symphonic boa 
constrictors.” I know that I must be missing 
something that gives others supreme 
delight. But there it is and no amount of dili¬ 
gent cultivation of the music changes in any 
way my reaction to it. 

The Fourth Symphony opens with a quiet 
and very beautiful horn passage which, 
played by a musician of the calibre of Barry 
Tuckwell immediately arrests the atten¬ 
tion. Here it is played so remotely and I am 
afraid lifelessly that it reminds me of the 
voice of the man on cigarette advertise¬ 
ments who warns that smoking is a health 
hazard. This is due to the uncommonly wide 
dynamic range of the engineering. To bring 
this horn passage, and other very quiet 
ones, into comfortable audible range means 
that the fortissimo passages come out loud 
enough to hurt the ears. And I might add 
that I have a very large acoustically de¬ 


signed music room in which to play my 
records. Moreover the quality of the sound 
lack’s DGG’s usual euphonious quality and 
hardens in the fortissimo passages. The 
version used by Barenboim is the Haas edi¬ 
tion described on the sleeve as the original. 

I am not sure that this is correct but incline 
to think it is the composer’s own first 
revision which was played at its first per¬ 
formance. 

As I wrote above, Barenboim’s reading of 
the first movement is conventional though 
without very much depth. He plays the 
second very well and goes after its intrinsic 
sound rather than attempting to add 
Brucknerian “profundity,” whatever that 
might mean. There is an odd bit of intona¬ 
tion in the middle, but apart from that, 
Barenboim wins some very lovely sound 
and, in this movement, the narrower 
dynamic range makes it all much easier on 
the ears. Yet even here Barenboim doesn’t 
seem to have tight enough control over the 
composer’s ruminating manner to maintain 
interest at its highest pitch. The massive 
columnar pillars of sound seem to remain 
stationary perhaps in deference to 
Bruckner’s “cathedral” type of effect. The 
famous “hunting” Scherzo is taken faster 
than I’ve ever heard it before and here the 
brass take their punishment heroically in a 
quite marvellous exhibition of virtuosity. 
The trio hasn’t quite the same impact. I 
think it looses some of its vitality though 
might think it graceful enough to compen¬ 
sate for slight relaxation of tension. The 
Finale offers always effective contrasts be¬ 
tween amiability and drive. But all that 
solemn brass always reminds me of Moses 
receiving the tables of stone on the light¬ 
ning-riven top of Mount Sinai—particularly 
in film versions of the event. Elsewhere you 
have delightfully rustic interludes with 
Bruckner managing these alternations 
between a smiling Austrian landscape and 
the admonitory Sinaian one with real 
success until the coda when Barenboim’s 
tension again slackens inexplicably. By the 
way, the sound that I criticised earlier 
applies only to the first movement. Every¬ 
where else it’s fine. 

* * * 

CONSTELLATIONS — 30 singers in En¬ 
sembles from Rigoletto, Cosi Fan Tutti, 
La Boheme, Lucia Di Lammermoor; 
Gounod’s Faust, II Trovatore; Don 
Giovanni; Carmen: and La Forza del 
Destino. EMI (Capitol) Stereo No 
OASD7576. 

Some of the stars in this constellation 
shine very brightly indeed. The casts of 
each piece are full of the most illustrious 
names in the operatic field. The choice of 
excerpts is so wide that everybody will find 
something to enjoy in this imaginatively 
produced record. This is a real treasure 
trove for opera lovers whatever their tastes, 
covering a variety of styles from what still 
remains a wide range of excerpts from 
current operatic repertoire. This, also, is 
not a disc to be played at a single sitting. 
One or two items at a time should satisfy 
even the greediest of opera fans. & 


NOW AVAILABLE: The 2nd edition of 

HI-FI STEREO ANNUAL 

from ELECTRONICS AUSTRALIA, 
Box 163, BEACONSFIELD 2014. 
PRICE: $1.90 posted. 
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KX-700 is the lowest-priced high-quality solid state 
Cassette Deck with the DOLBY unit that lowers tape 
hiss or background noise to that of much larger 
open reel decks. It’s the ultimate in compact 
hi-fi recording. 

NEW KX-700 by 
® KENWOOD 

Distributed by: 


JACOBY# 

MITCHELL 


It’s in with the CLICK Clique 

Just click a cassette into a Kenwood KX-700 Cassette 
Deck for the ultimate in compact hi-fi. Sound as real as 
reel to reel is yours because KX-700 incorporates 
the DOLBY unit that cuts tape hiss to an inaudible low 
. . . whether you listen on headphones or pipe the 
great sound through your stereo hi-fi system. There’s 
no toying with tapes . . . cassettes click in—pop out— 
and your hands are free for better things. Get long-play, 
fuss-free real sound enjoyment . . . Kenwood KX-700 
stereo Cassette Deck. 

FEATURES • Dolby Unit • Super Ferrite Heads • 25-16,000 Hz. 
frequency response • Wow/Flutter less than 0.13% • 3-tape 
selector • Auto shut-off • Sliding switches • VU meters 
• Microphone and headphone jacks. 


• Sydney 630 7400 • Newcastle 61 4991 • Wollonqonq 
84 8022 • Brisbane 52 8266 • Melbourne 41 7551 • Hobart 
34 2666 • Adelaide 93 6117 • Perth 81 4144 
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Variety Fare 

Reviews of other recordings 


Devotional Records 

BORN AGAIN. Pat Boone and the First 
Nashville Jesus Band. Stereo, Lamb & 
Lion LL-1007 (From Sacred Productions 
Aust, 181 Clarence St, Sydney and other 
capitals). 

This fully imported American album 
carries Pat Boone’s own label. Recorded 
against a gently rhythmic Nashville band 
and chorus, the Gospel songs from the pen 
of Stuart Hamblen and others have a C&W 
flavour, but they are very easy on the ear. 
There are a dozen in all: 

That Glory Bound Train — These Hands 
— I’ve Got So Many Million Years — Rank 
Strangers To Me — When My Lord Picks Up 
The Phone — Suppertime — Born Again — 
Satisfied — Blackland Farmers — There’s 
A Lot More Layin’ Down — Old Brush 
Arbours — But For The Grace Of God. 

The Sound is very clean and the surface 
dead quiet. A pleasant album with about 
32 minutes of music in the grooves. 
(W.N.W.). 

¥ * * 

NOW IS THE TIME. The Jerry Alcorn Trio 
with orchestra conducted by Rick 
Powell. Stereo, Word WST-8615-LP 
(From Sacred Productions Aust, 181 
Clarence St, Sydney and other capitals). 
Jerry, Jeanie Vee, and Jacqueline are the 
family of American evangelists “Mom” 
and Dad Alcorn. As a vocal trio they 
combine to provide a sound which is bright, 
smooth and very relaxed. What is more, 7 of 
the 10 numbers presented here are Jeanie 
Vee’s own compositions: 

Now Is The Time — All I Need Is Jesus — 
He Giveth Me Strength — It Was A Happy 
Day — Something Within Me — Let’s Just 
Praise The Lord — Get All Excited — Bless 
His Holy Name — Reunion In Heaven — 
Because He Lives. 

Don’t let it worry you if the titles are 
unfamiliar. The songs are very easy on the 
ear, diction is good and the orchestra back¬ 
ing pleasantly and gently rhythmic. 
Technically, the quality of this imported 
album is above reproach. Recommended. 
(W.N.W.). 

¥ ¥ ¥ 

CHRISTIAN PEOPLE. Volume One. Pat 
Boone, Andrae Crouch & The Disciples. 
Stereo, Lamb & Lion, LL-1005. (From 
Sacred Productions Aust, 181 Clarence 
St, Sydney & other capitals). 

If you lack an ear for mod sound you could 
easily be put off this album by the first 
track. Most of the other tracks are modern 
but milder. The reason for this is that the 


album is some kind of a sampler, with items 
by several artists and groups: Andrew 
Crouch & the Disciples, Pat Boone, The 
Imperials, Children of the Day, First Nash¬ 
ville Jesus Band, Danny Lee & the Children 
of Truth, Derby Kerner, 2nd Chapter of 
Acts, The Archers. 

There are twelve tracks in all: Christian 
People — I Wish We’d All Been Ready — 
He’s Got The Whole World In His Hands — 
Put Your Hand In The Hand — Can I Show 
You — Jesus Is Coming Soon — One Way — 
Me And Jesus — Amen, Praise The Lord — 
Too Close — I’m So Happy — It Won’t Be 
Long — A Brighter Day. 

A fully imported album, it is technically 
and musically competent but it is aimed 
squarely at the Gospel youth audience. If 
you’re part of that audience, you’ll love i t. If 
vou’re one generation removed, you’ll 
probably think differently! (W.N.W.) 


BARBIROLLI CONCERT HOUR. The Halle 
Orchestra conducted by Sir John Bar¬ 
birolli. Stereo, Astor “Golden Hour” 
Series, GH522. 

GOLDEN HOURS OF CLASSICAL BON¬ 
BONS. Various artists and orchestras. 
Stereo, Astor “Golden Hour” Series, 
GH515. 

Almost all of the items included in these 
two selections turn up time and gain in discs 
of light classics, and superficially, there 
appears little to distinguish them from 
innumerable other budget priced discs of 
their type. However, there are two points 
worth noting. One is the generous playing 
time, (although one need not take the 60 
minutes implied by the series title too liter¬ 
ally); two, only top ranking artists and 
orchestras are featured, which is very often 
not the case in this type of fare. 

Barbirolli must have had a lasting affec¬ 
tion for lighter musical fare, as he often 
recorded items of the type to be found in 
GH522: Poet And Peasant Overture — 
Strauss’s Pizzicato Polka — Gypsy Baron 
Overture — Morning Mood From “Peer 
Gynt” — Morning, Noon And Night In 
Vienna Overture — Tales From The Vienna 
Woods — Andante Cantabile From 
Tchaikowsky’s String Quartet No 1 — Die 
Fledermaus Overture — Stars And Stripes 
Forever March. 

Barbirolli is again the conductor with the 


Halle Orchestra in many of the titles in 
GH522, with Trumpet Voluntary — Dance of 
the Hours — Intermezzo To Cavalleria 
Rusticana — Blue Danube Waltz — In The 
Hall Of The Mountain King from “Peer 
Gynt” — Light Cavalry Overture. For the 
rest, Sir Adrian Boult conducts the London 
Philharmonic in Berlioz’s overture “The 
Roman Carnaval” — Mindru Katz presents 
a suitably fiery version of Chopin’s 
“Polonaise in A Flat” — and Ralph Downs 
plays a Bach Toccata and Fugue, in F 
major. 

To summarise briefly, two very worth¬ 
while discs of light classics, which comple¬ 
ment each other admirably, with the per¬ 
formances leaving little or nothing to be 
desired. Since I gauge the age of the record¬ 
ings to be at least ten years and possibly 
even older in some cases, some allowances 
must be made for recording quality. While 
good enough to satisfy most listeners, those 
who demand the latest in technical 
brilliance should pay the extra two dollars 
for Phase Four and similar labels. (H.A.T.) 
¥ ¥ * 

LOVE DUETS. Joan Hammond and 
Charles Craig, with the Royal Phil¬ 
harmonic Orchestra, conducted by 
Vilem Tausky. Stereo, His Master’s 
Voice SOELP. 10059, Series 299. 

The title is apt, and the duets are some of 
the best known ones from favourite 
operas: From “La Boheme,” Your Tiny 
Hand Is Frozen — They Call Me Mimi — 
Lovely Maid in the Moonlight; From 
“Tosca,” Mario! Mario! Mario!; From 
“Madame Butterfly,” Ah, Love Me A 
Little; From “Faust,” The Hour Is Late; 
From “Aida,” I See Thee Again, My Sweet 
Aida. 

Presumably all these items were 
recorded specially for an HMV disc some 
years ago, and are now reissued on this 
budget price disc. If you do not demand the 
ultimate in high fidelity, you will find much 
to enjoy in this recital, as both the singers 
have very fine voices, and it may influence 
your decision to know that they sing here 
throughout in English. (H.A.T.). 

¥ ¥ ¥ 
MUSIC OF SPAIN AND LATIN AMERICA, 
played by Henryk Szering, violin, and 
Claude Maillols, piano. Stereo Philips 
6500 016. 

“The program . . . falls naturally into 
four sections: Music from Spain, Brazil, 
Argentine and Mexico, in that order. ” So we 
are informed by the sleeve note, and the 
program comprises familiar items such as 
the Spanish Dance from “La Vida Breve” 
and two of Sarasate’s Spanish Dances with 
other compositions which will be quite 
unknown to many people. Space limitations 
do not allow me to list them all, with the 
composers, but if you have a taste for 
Spanish type music, I think you will enjoy 
this recital as much as I did, particularly 
when played as expertly as do the two ar¬ 
tists here — both outstanding in their art. 
The Philips recording is beyond reproach. 
(H.A.T.) 

¥ ¥ ¥ 

TWENTY YEARS OF BEAUTIFUL 
MUSIC. Golden Hour Series. The 
Dimensions In Sound Orchestra. Stereo, 
Astor GHC-1052. 

You like medodious music? Familiar 
music? Lots of it? Then you’ll certainly like 
this recent addition to Astor’s “Golden 


Reviews in this section are by Neville Williams (W.N.W), Harry Tyrer (H.A.T.), Leo 
Simpson (L.D.S.), Gil Wahlquist (G.W.), and Norman Marks (N.J.M.). 


Instrumental, Vocal 
and Humour . - 
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What's the standard price 
for high quality, prestige looking 
stereo equipment ?... 



$158., $135 o. $91? 

Standard (PM-158E) solid state stereo amplifier. 
This compact (13% " x 3 9/16" x 7%") 18- 
transistor stereo amplifier delivers total music 
power of 25 watts at 8 ohms, with a continuous 
power of 7.5/7.5 at 8 ohms (THD 1 %), and has a 
wide power bandwidth. Low distortion ratio. 
Highly selective tone control. Personal phone 
jack lets you enjoy stereo alone without 
disturbing others. Ideal for use with other units. 
All this, plus many other outstanding features, 
for just $91.00. 



$3I9..$219o.$II9? 

Standard (PM-403W) solid state stereo amplifier. 
Same size as the standard PM-158E, yet delivers 
an astonishing 40 watts (at 8 ohms) of total music 
power. The continuous power at 1 KHz is 12/12 
watts at ohms. Separate bass and treble controls, 
volume and balance controls, speaker system 
selector, stereo headphones jack. Special fuses 
for transistors and circuit protection. Tape 
monitor for use with tape recorder having 
separate record and playback heads and 
preamplifiers. All this for an amazingly 
low $119.00. 



$207 $149 $107? 


Standard (SR-SP210K) speaker system. 

Cabinet-size speakers for horizontal or vertical 
placement on bookshelves. Only 15 9/16" high, 
9 7/16" wide, and 9 1/16" deep, the$e Standard 
speakers combine a two-way system of;High 
Compliance Free Edge type woofer and highly 
efficient tweeter. Excellent reproduction with no 
distortion. For only $107 these ultra-smart, 
walnut-finished speakers can be yours. 

The new range of Standard stereo equipment: 
the perfect way to start putting together your own 
hi-fi system. It looks great, it sounds great, but — 
when it comes to price — it’s not so great. 
Standard costs surprisingly little. Standard also 
manufacture a range of cassette machines and 
an FM/AM stereo receiver. Enquire now at your 
main Standard showroom: 

^ STANDARD 

Better than average, 
cheaper than most 





LM*> 


330 PACIFIC HIGHWAY, CROWS NEST, N.S.W. 2065. TEL: 439-1072 
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Three “Golden Hours" of popular organ 


Hour” series. There are twenty separate 
numbers and the disc does play for an hour. 
Included are such established favourites 
as: Autumn Leaves — Love Is A Many 
Splendoured Thing — Moon River — Rain¬ 
drops — Never On A Sunday — Taste Of 
Honey — Three Coins In A Fountain — On A 
Street Where You Live — Girl From 
Ipanema — Shadow Of Your Smile — Up, 
Up And Away — Love Story Theme, and so 

To get all that on the one disc, the 
recorded level is a trifle below average but 
the only hint you will get of this is the need 
to run the volume control a trifle higher 
than usual for normal listening volume. 
There’s certainly no problem with surface 
or background noise. Recommended, if 
you’d like a generous helping of pleasant 
music for relaxation. (W.N.W.) 

* * ¥ 

TOM SAWYER. Incidental Music. 101 

Strings Orchestra conducted by Jack 

Dortey. Stereo, Astor S-5295. 

Not having seen the film, I approached 
this as just another release by the well 
known 101 Strings Orchestra. On this basis 
it produced two immediate reactions: (1) 
The performance has more purpose and 
zest than the orchestra’s usual “ten 
favourites” approach, and (2) familiar or 
not, the music is very listenable indeed. 

The titles, all but the last two from the 
film: River Song — Hannibal Mo — A Man’s 
Gotta Be — How Come? — Free Bootin’ — 
If’n I Was God — Tom Sawyer — Aunt 
Polly’s Soliloquy — Catfish Creek — Huck’s 
Island. 

Perhaps I should mention that the third 
quality about the album is the bright, clean 
sound quality, good surface and a spread 
which is fine in stereo and even better in 
simulated 4-channel. As you might have 
gathered, I liked it! (W.N.W.) 

* ¥ * 

BOB ROWE’S MUSIC BOX. Stereo, 

Harlequin series (Festival) L-25046. 

The jacket notes explain that Bob Rowe 
started with guitar in 1963 and then, in 1968, 
started to play around with multi-tracking. 
He’s gone on from there, adding more in¬ 
struments and more tracks, till his current 
stage act presents him as a one-man en¬ 
semble with anything up to thirteen in¬ 
struments other than the one he happens to 


THE MAGIC OF THE WURLITZER. 
Joseph Seal. Stereo, Astor Golden Hour 
Series GH-552. 

Recorded in the ABC Theatre at Kingston 
upon Thames, this is the thirteenth album 
that organist Joseph Seal has made for Pye 
Records —an indication, surely, of his long¬ 
term popularity. 

His program here is strictly one of tradi¬ 
tional favourites played in equally tradi¬ 
tional theatre organ style. In all, there are 
eighteen tracks, some of them medleys and 
space prohibits listing all the titles. But here 
ire just a few: Ciribiribin — Lullaby Of 
Broadway — Fantasy Impromptu — I’ll 
Walk Beside You — Jalousie — Smoke Gets 
In Your Eyes — As Time Goes By — Stella 
By Starlight — You’ll Never Know. 

The quality is lacking somewhat in 
sparkle and the dynamics have been 
restrained to ensure a full hour of playing 
time, so that the disc could hardly qualify as 
a hifi experience. But, on the other hand, the 
sound is smooth and relaxing in the Jesse 
Crawford style and, if that’s in your line, 
$3.99 is not that much to pay for a full hour’s 
program. (W.N.W.) 

¥ * * 

GOLDEN HOUR OF THEATRE ORGAN 
FAVOURITES. Joseph Seal. Stereo, 
Astor GH-517. 

If the serial numbers mean anything, this 
is the earlier of the two Joseph Seal albums 
in the Golden Hour series but, it would 
qualify for my vote as the better one. It has 
better treble response and presence, and 
greater dynamic range. In fact, Joseph Seal 
seems much more intent on giving the ABC 


be playing! All this virtuosity is lost on the 
record, of course, and the sound is simply 
that of an ensemble, with as many pairs of 
hands as appropriate. 

In fact, the end result of all this electronic 
two-timing is not too far removed from a 
made-in-Moog ensemble: bright, gimmicky 
and quite pleasant sound. 

The tracks: Get Down — Skylab — 
Something — Son Of My Father — Up, Up 
And Away — Crocodile Rock — Blockbuster 

— Claire — Storm In A Teacup — Theme 
From “Love Story” — Girl From Ipanema 

— Mexican Flyer. 


Theatre organ in Kingston Upon Thames a 
workout, rather than soothing his audience. 

There are seventeen tracks making up the 
hour’s program, and I list a few for your 
guidance: Gershwin Melodies — Stardust — 
Glass Mountain — Viennese Nights — La 
Rosita — Cole Porter Medley — Seventy Six 
Trombones — Down Memory Lane — Misty 
— Play Gipsy — Ah Sweet Mystery Of Life 
Melodies From The Gondoliers. 

At the budget price for a 60 minute 
program, this just has to be good value for 
an organ enthusiast. (W.N.W.) 

* * * 

GOLDEN HOUR OF HAMMOND HITS. 

Johnny Patrick at the Hammond Organ. 

Stereo, Astor GH-528. 

For this hour-long album, British organist 
and TV personality Johnny Patrick returns 
to that simple one-time formula of percus¬ 
sion plus Hammond flutes, and very little 
else. But, in saying that, I must.be careful to 
mention his own high sense of rhythm and 
facile finger work. He makes it all sound so 

Don’t asks me to list all the titles but 
here’s a few of the many: Spanish Flea — 
Yellow Submarine — Puppet On A String — 
Get Me To The Church On Time — Rain¬ 
drops — Chirpy Chirpy Cheep Cheep — On 
The Street Where You Live — Do You Know 
The Way To San Jose? — Girl From 
Ipanema — Serena ta. 

The sound is clean and sufficiently free 
from dynamics to pose no problem in fitting 
30 minutes on to each side. But only you can 
say whether the traditional Hammond plus 
percussion sound pleases you or bugs you. 
(W.N.W.) 


The quality is very clean and it spreads 

nicely in simulated 4-channel. At $3.99 for 
twelve tracks, it’s quite good value. 

(W.N.W.) 

¥ ¥ ¥ 

NASHVILLE NOW. Featuring the Nash¬ 
ville Jets. Quadraphonic Project 3 
(Festival) LQ-34992. 

If you don’t happen to know the Nashville 
Jets, you certainly will know the producers 
of this album: Enoch Light and Tony 
Mottola. And you will recognise the style, 
with varied and original arrangement, and 


"STAGGERINGLY LOUD AND 
REALLY EXCELLENT SOUND" 

Just a few words from the E.A. Dec. 73 review of our smallest loudspeaker system - 
the Motette 2. 

An excellent performer? Naturally, because it is fully developed and manufactured by 
Audiosound, and just $122 pr. 

OUR SOUND STARTS WHERE 
MOST OTHERS FINISH 

AUDIOSOUND ELECTRONIC SERVICES 
148 Pitt Road, Nth. Curl Curl 2099. Ph. 938-2068 
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ACOS REPLACEMENT LONG LIFE CARTRIDGES 


Acos 90 Series — a family of pick-up cartridges 
covering all the main types needed today, each 
fitted with Diamond Stylus at no extra cost. 

GP9M MONO CRYSTAL Stereo Compatible $6.95 
GP91-2 HIGH OUTPUT MONO CRYSTAL 

Stereo Compatible. $6.95 

GP92 MONO CERAMIC Stereo Compatible $7.55 

GP93 STEREO CRYSTAL . $8.55 

GP94-1 STEREO CERAMIC . $8.95 

GP94-5 STEREO CERAMIC FOR TRANSISTOR 

AMPLIFERS.$9.95 

GP104 MINI STEREO CERAMIC . $9.95 


All cartridges 


DIAMOND STYLUS 
at no extra cost 


Microphone Inserts 



43-66mm diameter 
8-73mm deep 

Output at 1 KHz . 52dB ref. tV/dyne/cm 

Res P°"» . 30-7.000Hz 


PRICE $5.55 Ideal Load . 5 megohms 

TECHNICAL DATA SHEETS SENT FREE ON REQUEST 


AMPLION (A’ASIA) PTY. LTD. 


the usual array of very capable musicians 
There are eleven numbers on the two sides 
Kodachrome — The Night The Lights Wen 
Out — Alone Again, Naturally — Win 
Chester Cathedral — Yellow Rose Of Texa 

— Oh Babe, What Would You Say? — Whei 
The Saints — Tie A Yellow Ribbon — Kin] 
Of The Road — Your Cheating Heart — Ou 
Of The Question —■ I Never Promised You i 
Rose Garden. 

The quality is very clean, the surfaci 
quiet and it’s well worth adding to your 4 
channel collection if you’re not already 
overstocked with yellow roses and yellov 
ribbons! (W.N.W.) 

¥ ¥ ¥ 

I BELIEVE IN MUSIC. Ray Davies, Hit 
Funky Trumpet and the Button Dowi 
Brass. Quadraphonic, Astor QUAD-1023 

Without arguing too much about wha 
“Funky” means, Ray Davies and the 
Button Down Brass Orchestra provide 1 
program as animated as it is varied 
There’s a fair element of tortured brass, ol 
course, but an electronic organ and othei 
gimmickry is in evidence helping justify 
that “Funky” word. 

There are twelve tracks in all: Beautiful 
City — My Love — Mach 1 — God Bless The 
Child — Swing Low Sweet Chariot — 1 
Believe In Music — Heavy Water — Killing 
Me Softly With His Love — When The Saints 

— Tea For Two — Mystery Movie Theme — 
Day By Day. 

The surface is very quiet, the quality very 
clean and the 4-channel effect routine. 


NOW AVAILABLE the new 1974 edition of the 


■I FI STEREO 



CONTENTS’- 

HOW SOUND IS HEARD 
RECORDING - EDISON LED THE WAY 
HIFI STEREO IN SIMPLE TERMS 
EQUIPMENT FACTS AND FIGURES 
HOW TO BUY A HIFI SYSTEM 
EQUIPMENT -WHAT TO LOOK FOR 
YOURUSTENING ROOM 
TAPE RECORDING & REPLAY 
4-CHANNEL SOUND SYSTEMS 
4-CHANNEL RECORDS 
AMPLIFIER CONTROLS 
LOUDSPEAKER PHASING 
RECOMMENDED RECORDS 
PRODUCTS AND SUPPLIERS 


annual 


__ 

■ TO: ELECTRONICS AUSTRALIA. 

I BOX 163 BEACONSFIELD 2014. 

| Please send me . . . copies of HiFi Stereo 
I Annual at $ 1-90 posted within Australia. 

■ $1.50 plus postage for overseas buyers 
! (plus estimated 320 gms posted weight). 

I Please enclose only a cheque, money 

I order, Australian Postal Order etc. NOT 
CASH. 

I NAME. 

| ADDRESS. 

I . 

I POSTCODE. 


COMPILED BY 
ELECTRONICS AUSTRALIA 
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However, if you’re not familiar with Ray 
Davies and the Button Down Brass, you’d 
better sample two or three tracks before 
you unbutton your own brass. (W.N.W.) 

¥ ¥ ¥ 

HOT BUTTER. Moog Hits. Stereo, Musicor 
Records (Festival) L-34984. 

An encore to the successful “Popcorn” 
album by the Hot Butter group, this one 
combines a Moog synthesiser expertly 
played by Stan Free, with ondioline, drum, 
bass, Electric and “dry” guitars, piano, 
tambourine, temple blocks, shaker, finger 
cymbals — and the human voice. As you 
might imagine, a lot of unusual sound 
emerges from the loudspeakers, mercifully 
not all at once! The tracks: 

Slag Solution — Sounds Simple — Per¬ 
colator — Wheels — Skokian — Russian 
Whistler — Space Walk — The Masterpiece 
— Requila — Syncopated Clock — Mah-Na 
Mah-Na — Mexican Whistler. 

As is usual with records born in a Moog 
environment, and of electronically orien¬ 
tated parents, the sound is very clean, and 
with a high order of separation; this is 
obvious on 2-channel and even more so on 4. 
But, as also common in such a situation, 
there is a tendency to produce Moog-like 
sound with the other instruments, rather 
than the reverse. This one will sound novel, 
or be just another album of electronic put- 
togethers, depending on how much of it you 
already have in your collection! (W.N.W.) 

¥ ¥ ¥ 

IRISH SINGALONG. The Bill Shepherd 

Singers. Stereo MCA/As tor MAPS- 

6999. 

When I put this album on the turntable, I 
expected to hear the ultra disciplined sound 
of a typical professional group. But the Bill 
Shepherd Singers are neither as numerous 
nor as completely blended as this. It is quite 
easy to pick individual voices in the slower 
numbers and maybe the slightly more 
spontaneous treatment is appropriate for an 
Irish Singalong: 

When Irish Eyes Are Smiling — Rose Of 
(Continued on page 107) 


Reader's Digest 
9-record album 


WONDERFUL WORLD. WONDERFUL 
MUSIC. Various artists. Reader's 
Digest 9-record set. 

One can certainly not deny that Reader's 
Digest spare no effort in producing an at¬ 
tractive set of records. Each of the nine 
records in this set has its own plastic sleeve 
and colour printed envelope with copious 
notes on the origin of each of the tracks. 
The whole set is housed in a protective case 
which carries the title, "Wonderful World, 
Wonderful Music." 

The case itself is sealed in polythene and 
packed in a carton for transit so that it is 
certainly well protected. 

There are a great variety of artists and 
they are all from the CBS studios who 
collaborated with Readers' Digest in 
producing this set. All of the tracks have 
been previously released by CBS on their 
own full-priced albums. On this set. 
Readers' Digest has mixed them together so 
that each record has a theme. 

For example, record 3 is entitled "South 
Of The Border" and has tracks with a Latin- 
American flavour. Tracks are as follows: 
"Spanish Eyes” by Andy Williams; 
"Marianne," "Desafinado" and "Guan- 
tanamera" by Andre Kostelanetz and his 
orchestra; "Manha De Carnaval," "Spanish 
Harlem" and "One Note Samba" by Percy 
Faith and his orchestra; "The Girl From 
Ipanema" by the New Christy Minstrels; 
"Ebb Tide" by Robert Goulet; "Fly Me To 
The Moon" by Johnny Mathis; "Summer¬ 
time" by the Brothers Four; "Jamaica Fare¬ 
well," "Besame Mucho" and "Shangri-la" 
by Ray Conniff and his orchestra. 

As a further example, record 5 is entitled 
"Party Time." Tracks are: "Those Were The 
Days" and "Sunny" by Robert Goulet; "I 
Want To Hold Your Hand," "What The 
World Needs Now" and "These Boots Were 



Made For Walking" by the New Christy 
Minstrels; "Secondhand Rose" by Barbra 
Streisand; "Make It Easy On Yourself" and 
"Rhythm Of The Rain" by Percy Faith and 
his orchestra. And so on. 

Space does not permit listing of all the 
tracks on all discs but readers will get the 
message that the music is strictly "middle 
of the road" and not likely to upset any¬ 
one who watches programs like Bobby 
Limb's "Sound Of Music" or Eric Jupp or 
even the Melbourne Show Band. Some of 
the record themes are a little vague but there 
is a lot of good music contained on the 
discs. 

I was not so happy about the recording 
quality on some of the discs, however. 
Generally, it is good but in some places the 
strings are strident and the upper bass 
seems over-emphasised and boomy. While 
this may impress some people listening to 
cheap stereograms, it can be quite irritating 
on a good system. Surface noise was also 
higher than it should be — I cannot report 
that any of the discs had a really quiet 
surface. On the other hand, surface noise 
was never really obtrusive. However, if you 
are critical of this aspect, think twice before 
you send away for the album. 

The album can be summed up as a lot of 
music value for your money but quality is a 
problem on some discs for some purchasers. 
(L.D.S.) 


FREE CATALOGUE! 



Simply fill in 
coupon and w< 
return to you ab- 
solutley 'FREE' 
latest 1974 cat¬ 
alogue with c 
elusive values 
home entertain 
ment, audio co¬ 
mmunications 
parts 'kits. 



THE WORLD-WIDE SUPERMARKET OF SOUND 


DEPT. EA 001 
P.O. BOX 229, 
RYDALMERE, 2116 


PLEASE PRINT CLEARLY 


NAME 

ADDRESS 


CITY POST CODE 



# 
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NEW ALL-TRANSISTOR STEREO AMPLIFIERS WITH 
IN BUILT AM. TUNER ULTIMATE IN DESIGN— 

LONG DEPENDABILITY using hII silicon transistors 50 WATTS - 


> 50 WATTS - RMS 


FREQUENCY RESPONSE: 

20 cycles to 40,000 + ldb 

HUM « NOISE: ” 

Aux. 70db. Mag. 60db 
INPUT SENSITIVITY: 

Mag. 2mv. Aux. 250mv 
EQUALISED: 

Mag RIAA. 

TONE CONTROLS: 

Bass 50 c s + 13db. Treble 10kc s 

HARMONIC DISTORTION 
Less than 0.5 per cent. 

LOUDNESS CONTROL: 

50 c.s lOdb. 

SCRATCH FILTER: 

(high filter) at lOkc s 5db. 

RUMBLE FILTER: 

(low filter) at 50 c s 5db. 

PROVISION FOR TAPE RECORDER. 
Record or play back with din plug 



$169.00 Plus Freight 

(cabinet extra) 

Model C700-T (with Tuner) 


Amplifier Only 
Model C.700 
$139.00 Plus Freight 
Cabinet Extra 

Provision For 4 
Channel 

All units wired with sockets Et control for simulated 4 channel only requires the addition ■ 
~‘~ o extra speakers, also output socket for decoder 



DIMENSIONS: 

16 '/Si 


n deep X 5" high Weight 

TUNER: 

This unit incorporates a transistor 
tuner with a coverage of 530 to 1,600 K C. 
Calibrated dial available for all states 

POWER SUPPLY. 

SE 0 M e | C CONDUCTORS. ,ran5 ' S,0rS 


20 WATT STEREO SYSTEM FOR $ 199.00 


IMPORTED TWO WAY BOOK SHELF SPEAKERS. 


- NEW MAGNAVOX-PHILIPS 3 WAY SPEAKER SYSTEM - 

FREQUENCY RESPONSE 35Hz to 25KHz 
POWER HANDLING CAPACITY 30 Watts R.M.S. 

DRIVE UNITS: SPEAKER KIT: (less cabinet) comprising 1 8-30 speaker, 

Magnavox 8-30 High Performance 8in Bass Unit • 1 6J speaker, 1 Philips dome tweeter, 1 Imh. in- 

Magnavox 6.J — 6in Mid Range Speaker • Philips ductance, 1 8 mfd. & 1 4mfd. polyester condenser, 1 3" & 

High Fidelity Dome Tweeter 1 6" tube, innabond Et speaker silk, plans for cabinet. 

COMPLETE SYSTEM in 1.6 cubic ft cabinet. In 
Walnut or Teak Veneer (Size 24" x 15 V4" x 11"). 

$ 72.00 ea Regret no Mail Orders for Complete System. $ 40.00 Reg. Post & Packing $3 Extra. 


PLAYMASTER 136 STEREO AMPLIFIER 


As featured in 
Dec 72 issue 
of Electronics 
Australia 
High fidelity amplifier with an 
output of 13 watts R.M.S. per 
channel, frequency response 
20Hz to 120kHz, distortion 
0.2% mag. input equalised to 
RIAA, bass & treble controls, 
provision for simulated 4 
channel. 

Complete kit of parts including 
All Transistors. $65.00 as 
above but less Fairchild special 
transistor offer $58.00. Reg 
postage $2.00 extra. 


As an added feature to the 136 
amp we have added provision 
for headphones with phone jack 
& switch mounted on front 
panel which is silver anodised 
with black lettering & matching 
knobs. We have also had a 
special transformer wound for 
this unit with separate 6v 
winding for indicator bezel & 
with electrostatic shield. 


CLASSIC RADIO 


NEW N.C. 310 DELUXE 
TRANSCEIVER 

For 27240 or 27880 Khz operation (state which 
required) with switch position for additional 
two-channels tone call signal, noise squelch 
control, circuit contains 13 transistors, diode 
and thermistor. Transmitter stability 
crystal controlled .005 Ceramic filter. Aerial 
9 section telescopic poweretTby 8 1.5v UM3 
batteries. Range up to 10 miles depending on 
conditions. Battery check meter. Attractive 
and durable die cast case with provision for 
external speaker, aerial and power supply. 


At last a breakthrough in the cost for high 
quality portable radio transceivers of the 
walkie-talkie hand-held type. We are in¬ 
troducing and offering for sale a fully PMG 
approved transceiver. 


245 PARRAMATTA RD, HABERFIELD 2045 
PHONES 798 7145, 798 6507 
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Tralee — Kerry Dance — A Little Bit Of 
Heaven — I’ll Take You Home Again 
Kathleen — Shenanigans — Too-Ra-Loo-Ra- 
Loo-Ral — Mother Machree — Come Back 
To Erin — The Girl I Left Behind Me — 
Molly Malone — Christmas In Killarney. 

Quality is okay, playing time is about 35 
minutes and if you, like me, have a soft spot 
for the Irish countryside, it will be no stint to 
be reminded of it by the Bill Shepherd 
Singers. (W.N.W.) 

¥ ¥ ¥ 
BREEZY. Original Film Sound Track. 
Michel Legrand and his Orchestra. MCA 
MAPS 7171 Astor release. 

There appears to be a continuing theme 
running through the ten numbers on this 
disc; no doubt if one had seen the movie this 
would be more obvious. Apart from the title 
track, the other numbers are: Rockin’ chair 

— I Will Remember You — Allegretto 
Vivace — Going Down To Sorrow — Break¬ 
fast-Time — Out Of Danger — Alone In The 
House — Walking On The Beach — A Whole 
Year. 

The quality is excellent and, except for 
the wordless vocal in part of “I’ll Remem¬ 
ber you,” I found the record enjoyable. The 
style ranges from the semi-classical 
“Allegretto Vivace” to themes reminiscent 
of “Hair”. N.J.M.) 

¥ ¥ ¥ 

NOEL and GERTIE and BEA. Noel 
Coward, Gertrude Lawrence and 
Beatrice Lillie. Mono, Pariophone series 
275. PMEO-275. 

This is nostalgia with a vengeance. Ac¬ 
cording to the notes, Beatrice Lillie made 
her stage debut in 1914 and even I am not as 
old as that! In fact, the material on this 
album is of more recent vintage than that 
but, even so, the ranks of theatre goers of 
the early thirties must be getting rather thin 
by now; and that means the ranks of those 
who are likely to be switched back on by the 
contents of this album. 

If you aren’t so affected, it won’t be for 
lack of material on the fourteen tracks. 
There are groups of “successes” by Noel 
Coward, by Gertrude Lawrence and by Bea 
and Gertie together. 

Among the other items by the respective 
artists are songs like: Baby Doesn’t Know 

— What Now — World Weary — A Baby’s 
Best Friend — Rolled Into One — Winnie 
The Window Cleaner — We Were Dancing — 
Julia, and Shoot The Rabbit. 

The recording is mono, re mastered from 
early recordings and, with few exceptions, 
notable for the lack of background noise. If 
you want to remember or to study these 
immortals ofyesterday’stheatre, the album 
will be excellent value. But if you lack that 
basic motivation, you’ll find it a yawn. 
(W.N.W.) 

¥ ¥ ¥ 

SONNY AND CHER LIVE AT LAS VEGAS. 
Stereo, MCA Records MAPS 7141, two 
disc set in folding sleeve. 

A brief look at the much publicised Sonny 
and Cher Show on television was sufficient 
to convince me that this type of entertain¬ 
ment was not for me. My reaction to these 
discs was the same — too much noise (was 
it really necessary to have the band playing 


all through the comedy routines?), too 
much untuneful singing, too little real wit 
. . . plainly not a set which will find a 
permanent place in my collection. 

On the other hand, there will undoubtedly 
be Australian TV viewers who have enjoyed 
the couple’s slick show, and these may be 
sufficiently interested in a recorded per¬ 
formance. For their benefit I will 
enumerate the song titles: All I Ever Need 
Is You — I Can See Clearly Now — You’ve 
Got A Friend — Where You Lead — You’d 
Better Sit Down Kids — A Cowboy’s Work Is 
Never Done — I Got You Babe — Gypsy’s, 
Tramps And Thieves — Brother Love’s 
Travelling Salvation Show — You And I — 
Superstar — Bang, Bang. In addition, there 
are two comedy dialogues and one 
monologue by Sonny. These are mainly 
concerned with the couple’s sex life, which 
is apparently the only acceptable subject in 
American night clubs. If you are interested, 
the sound quality, for a “live” recording, is 
good enough, but some better console work 
would have helped the balance consider¬ 
ably. (H.A.T.) 

¥ ¥ ¥ 

RICHARD BONSALL SINGS. The Lord’s 
Prayer and 10 Other Titles. Stereo, Axis 
(EMI) 6038. 

New Zealand lad Richard Bonsall has 
very deservedly won acclaim at vocal 
competitions, on stage and on television. He 
has a voice of quite unusual purity, firm 
pitch and a sensitivity of presentation that 
belies his years. He is complemented to 
perfection by piano accompanist Alan Pow. 
The whole program is gentle and unhurried, 
and very relaxing, if that is your mood. 

The 14 tracks of a generous program 
include: Ave Maria (Gounod) — On Wings 
Of Song — The Lorelei — Christmas Cradle 
Song — The Last Rose Of Summer — Gesu 
Bambino — The Lord’s Prayer — Green- 
sleeves — Santa Lucia — Ave Maria 
(Schubert) — Skye Boat Song — Rose Of 
Tralee — An Island Sheiling Song — An 
Eriskay Love Lilt. 

The quality is good and the surface 
whisper quiet. Granted that boy soprano 
records may have limited appeal but I can 
only say that this one is good. (W.N.W.) 

¥ ¥ ¥ 

COL JOYE. HEAVEN IS MY WOMAN’S 
LOVE ATA Records L 35036 Festival 
release. 

Col Joye has been a perennial favourite on 
the local music scene and this record should 
enhance the number of his admirers. 
Twelve numbers with a soft country flavour 
make up the menu with titles like: Heaven 
Is My Woman’s Love — What Am I Gonna 
Do — Sweet Country Woman — Blu^s Can’t 
Keep A Good Man Down — Old Dogs, Child¬ 
ren And Watermelon Wine — You Are What 
I Am — Ain’t Nowhere To Go — If It Feels 
Good Do It — Happy Days — Sunshine In 
Your Face — Seed Before The Rose — Ray 
Of Sunshine. The quality is excellent, I think 
you’ll like it. (N.J.M.) 

' ¥ ¥ ¥ 
TOMMY OVERSTREET. My friends call 
me T.O. DOT L35019 Festival release, 

A deep, pleasant voice brings fresh in¬ 
terest to a group of old and new Western hits 
such as; Send Me No Roses — Welcome To 
My World Of Love — Sleep My Lady — You 
Got Everything That You Want — I’ll Never 
Break These Chains — Tie A Yellow Ribbon 
Round The Old Oak Tree — Sweet Country 
Woman. Eleven tracks in all, with good 
quality. (N.J.M.) 



Gkikusui 


536A 

3", 1.5MHz 
OSCILLOSCOPE 



The 536A is a small, reliable 
precision instrument and is 
fully backed by the name 
Jacoby, Mitchell. 

VERTICAL AXIS 

Deflection Sensitivity: 20mV/cm 
Frequency Response: DC 1.5MHz, 

± 3dB. AC 2Hz - 1.5MHz, ± 3dB 
Input Impedance: 1M 9 shunted by 
22pF 

HORIZONTAL AXIS 

Deflection Sensitivity: 300mV/cm at 
IKHz. Frequency Response: 

2Hz-500KHz, within -3dB 
Input Impedance: 

Approx. 200K 12 shunted by 20pF 

TIME BASE 

Sweep Frequency: lOHz-IOOKHz 
and TV, H(15.75KHz/2) 

Synchronization: Internal (+ & —), 

Line &.External. CRT: 3KP1F 

Dimensions: 140 mm x 215 mm x 
358 mm. Net Weight: 6 kg approx. 

For the full details and a demonstration 

JACOBY# 

MiTCHELL 

215 North Rocks Rd., North Rocks, N.S.W. 

2151. Phone: 630 7400 
OFFICES: Melbourne 41 7551 • Adelaide 
93 6117 • Brisbane 52 8266 • Perth 81 4144 
AGENTS: Canberra 95 9138 • Wollongong 
28 6287 • Newcastle 61 5573 • Hobart 34 2666 
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Product reviews 
& releases 


from 50Hz to 10kHz. Again, we were able 
confirm all the specifications. 

The cheapest but perhaps the most i 
teresting instrument in the line-up is tl 
Trio VT-108 Fet volt-ohmmeter. 
measures AC and DC' voltages in eig] 
ranges (each) from 0.5 to 1.5kV FSD, ar 
resistance from 10 ohms FSD to 10 mego 
ms FSD. 


New range of test gear from Trio 


Trio has recently produced a new range of test equipment with attractive 
styling and good performance. The range comprises the CO-1303A 
oscilloscope, AG-202A audio oscillator, SG-402 RF signal generator and VT- 
108 Fet volt-ohmmeter. All the instruments are completely solid-state and are 
light and compact. 


Input resistance and capacitance on i 
DC ranges is eleven megohms shunted by 
picofarads or less. Measurement accura< 
is 3pc of FSD. Peak-to-peak detection 
used in the supplied probe to give 
frequency range of 20Hz to 5MHz. Inp 
impedance of the probe is 1 mehohn 
shunted by 145 picofarads on ranges belo 
150V, and 80pF on other ranges. 

Accuracy for AC measurements is quote 
as plus or minus 5pc and meter indication 
RMS for sine waveforms. 


Anyone who has contemplated the pur¬ 
chase of test equipment knows that it can be 
difficult to choose and to pay for. If it is low- 
priced it often looks amateurish and has 
mediocre performance, while the good gear 
costs the earth. However, Trio have a range 
which has good styling, good performance 
and reasonable price. 

The four Trio instruments which we have 
tested in this instance all have similar 
styling and some use the same case. The 
cases are finished in blue crackle enamel, 
while the front escutcheons are black 
plastic with a satin-finish aluminium insert. 
The main control knobs are grey. 

The largest of the four instruments is the 
"CO-1303A solid state oscilloscope, which has 
a 75mm diameter tube. Case size is 186 x 140 
x 310mm (W x H x D) including knobs, feet 
and handle. Power requirement is a mere 15 
watts at 240VAC. Weight is a light 4.3kg. 

Maximum sensitivity of the vertical 
amplifier is 20mV / cm while the bandwidth 
is DC to 1.5MHz for DC coupling and 2Hz to 
1.5MHz for AC coupling. Input impedance is 
1 megohm shunted by 30pF. Timebase 
sweep frequencies are 10Hz to 100kHz in 
four ranges. 

There is much room inside the case and 
the single printed board measuring ap¬ 
proximately 125 x 160mm looks rather lost. 
Another interesting impression one gains 
from the internal construction of the unit is 
that the power transformer has been very 
carefully orientated to minimise hum on the 
trace. 

Clearly, the CO-1303A is an up-to-the 
minute circuit design which has been 
carefully optimised. All told, it uses 8 
bipolar transistors, 2 FETs plus assorted 
diodes. Not bad for a bandwidth out to 
1.5MHz, with useable response well beyond 
that and maximum sensitivity of 
20mV / cm. 

The AG-202A audio oscillator is the usual 
Wein bridge circuit but with a FET input 
stage and variable capacitance element. 
Four switched ranges are provided and 
frequency coverage is from 20Hz to 200kHz. 
Both sine and square wave outputs are 
provided. Maximum sir.e wave output is 10V 
RMS at 600 ohm output impedance, while 
rated distortion is less than 0.5pc from 50Hz 
to 100kHz. 

Maximum square wave output is 10V 
peak-peak while rise and fall times are 
0.5uS or less. Overshoot is quoted at 3pc or 


less while droop at 20Hz is lOpc or less. 

An attractive feature of the unit is that it 
can be externally synchronised with other 
waveforms. This feature is not usually 
available on low distortion generators. 

We measured total harmonic distortion at 
considerably less than the 0.5pc specified, 
and we were able to confirm that all other 
specifications were at least equalled or 
bettered. Again, the internal construction 
details leave little to be desired. Of special 
note was the carefully mounted two-gang 
tuning capacitor, which is completely 
shielded in its own metal box. 

The SG-402 RF signal generator is a 


A most unusual feature is included in tt 
VT-108, that of memory. When makir 
voltage measurements, the meter i: 
dication can be held for long periods aft* 
the voltage input has been removed. Whi 
actually happens in the Memo mode is th; 
the input voltage to the usual FET di 
ferential amplifier is fed to a capacito 
This is monitored by a FET source-follow* 
which in turn is monitored by the usual FE 
differential pair. 

While the capacitor is only ,047uF th 
extremely high input impedance obtainabl 
from the FET source-follower enables 
long time-constant to be achieved. Thi 
means that the voltage reading can be hel 
for a long time. Typically, we found that w 
could hold a voltage reading for fiftee 
minutes with the scale indication changin 
less than 10 per cent of scale deflection. An 


The four instruments 
reviewed are pictured 
at right. They are < from 
left to right and top to 
bottom): the SG-402 
signal generator, the 
VT-108 volt-ohmeter, 
the CO - 1 303 A 
oscilloscope, and the 
A G-202A audio 
oscillator. 



straightforward piece of gear which 
perhaps should be termed an RF oscillator 
rather than a signal generator, (the term 
“generator” normally assumes a 
“laboratory” standard of performance). 
Frequency coverage is 100kHz to 30MHz in 
six bands. 

Accuracy of the dial calibrations is stated 
to be within plus or minus 1 pc. Output 
signals are coupled via jack sockets on the 
front panel, although a BNC coaxial socket 
would have been preferable. Maximum RF 
output is 0.1V RMS. The RF attenuator is 
not calibrated, which will be regarded as a 
drawback by many users. 

Amplitude modulation is provided in¬ 
ternally at 400Hz and 40 pc or may be 
provided from an external source via a jack 
socket on the rear panel, over the range 


the reading increases with time instead ( 
decreasing. This can be a very hand 
feature when recording or making con 
parisons of voltage measurements. 

All told. Trio have come up with a ver 
attractive range of instruments that wi 
find many applications on the workbenche 
of hobbyist and technician alike. They ar 
attractively styled and perform well. 

Prices are as follows: CO-1303 j 
oscilloscope, $135 plus tax; AG-202 audi 
generator, $75 plus tax; SG-402 RF signs 
generator, $60 plus tax; VT-108 Fet voll 
meter, $68 plus tax. 

Further information can be obtained fror 
the Australian distributors for Tri 
equipment, Parameters Pty Ltd, 6 
Alexander Street, Crows Nest, NSW 
(L.D.S.) 
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Crystal controlled digital stopwatch 

Manufactured by Zeta TimeTel Corporation of Santa Ana, California, the 
Zetachron Pro II digital stopwatch is eminently suitable for recording elapsed 
time in a variety of applications such as sporting events and laboratory work. 
In addition to inbuilt manual control facilities, the nevy unit may be interfaced 
with a range of optional automated remote control facilities. 



Weighing only 14.5oz and easily held ii 


one hand, the' Zetachron Pro II digital 
stopwatch is quartz crystal controlled, 
allowing exceedingly accurate 
measurements of elapsed time to be made. 
In its most sensitive mode, readings ac¬ 
curate to 1 / 100 of a second can be obtained. 
Standard equipment supplied with the unit 
includes an AC adapter and a weatherproof 
clear plastic case. 

The Zetachron Pro II can be operated in 
three timing modes: hours, minutes and 
seconds; hours, minutes and hundredths of 
minutes; and minutes, seconds and hun¬ 
dredths of seconds. The hour modes can be 

reset to any hour by using two smalll 

uttons at the back of the clock, allowing the 
unit to be used as a time-of-day clock in a 
twelve hour operational mode. Up to 12 
hours, 59 minutes and 59 seconds of elapsed 
time can be recorded. 

Physically, the unit is well constructed in 
a sealed high impact vinyl covered case. 
The circuitry is fully solid state, employing 
a quartz crystal as the timebase and using 
%” high Sperry planar gas-discharge 
readouts. The unit is powered by re¬ 
chargeable nickel-cadmium batteries 
capable of providing in excess of 30 hours 
continuous operation. Alternatively, it may 
be operated from the mains through the AC 
adapter provided, which also serves to re¬ 
charge the batteries, or from an optional 
field battery pack. 

Three push on / push off buttons are used 
to control the operation of the digital stop 
watch, and these are grouped together on 
the right hand side of the front panel. These 
are (from top to bottom): the start/stop 
button, the split button, and the reset but¬ 
ton. The split button serves to lock the 
display on a particular reading while the 
unit continues to count internally. The 
display is unlocked by simply pushing the 
split button once again, allowing the unit to 
display the total elapsed time. 

The on / off switch and the mode switches 
are all grouped together in a row on the 


back panel, together with the two small 
buttons for time setting. Also on the back 
panel are three sockets which accept the AC 
adapter / re-charge unit and the optional 
remote control facilities offered with the 
unit. 

A number of accessories are offered with 
the Zetachron Pro II digital stop watch, and 
these include: 

• a clipboard holder of vinyl or heavy duty 
aluminium, 

• a momentary or alternate action hand 
switch, 

• a 12 / 6V adapter to enable the unit to 
operate from a car battery, 

• a field battery pack, 

• an electric eye actuator, and 

• a range of specialised automatic remote 
control facilities. 

Accuracy of the Zetachron Pro II is 
claimed by the manufacturer to be plus or 
minus O.OOlpc of the original setting at room 
temperature, together with a possible drift 
variation of plus or minus 0.003pc due to 
voltage supply variations and a drift of plus 
or minus 0.002pc ove, a temperature range 
of 0 to 50deg C. The accuracy of the unit can 
thus be regarded as better than 0.006pc. 

Our checks of the unit supplied for review 
confirmed its basic accuracy, and broadly 
speaking we found the Zetachron Pro II a 
very businesslike little unit. It should be 
found very suitable for virtually all of the 
applications for such devices; our only 
qualification being that we doubt whether 
the readout visibility is quite good enough 
for outdoor use in bright sunlight. This is a 
common failing with gas-discharge and 
LED displays, of course, and can only be 
obviated at present by the use of a liquid- 
crystal readout. Until a unit with such a 
readout appears, it will be necessary to use 
a sunshade. 

Price of the Zetachron Pro II is $185.00 
plus sales tax. All enquiries should be 
directed to Australian Time Equipment Pty 
Ltd, 192 Princes Highway, Arncliffe, NSW. 
(G.S.) 


E.T.I. 4600 MUSIC 
SYNTHESISER 

I:***; : *■ 


VOLTAGE CONTROL 
OSCILLATOR 

SECTIONS (V.C.0.) 

Complete kit of parts including 
cmos only $45.00 each 

KEYBOARD CONTROLLER 

Complete kit of parts including 
cmos only $80.00 

Five Channel Mixer Section 

Complete kit of parts — only 

$44.00 

POWER SUPPLY SECTION 

Complete kit of parts only $51.00. 

NOISE GENERATION AND 
CONTROL SECTION 

Complete kit of parts including 
cmos only $25.50 

TRANSIENT GENERATOR 

Complete kit $31.00 

VOLTAGE CONTROLLED 
AMPLIFIER (V.C.A.) 

Complete kit $15.00 

ENVELOPE CONTROLLER 

Complete kit $44.00 

TRANSIENT GENERATOR 2 

Complete kit $29.00 

PA CK AND POST: Please add 50c for 
one section or $1.00 for two or more 
sections. 



LECTRONIC COMPONENTS DIVISION OF 
jOHN CARR £t COMPANY PTY LTD. 


405 SUSSEX STREET 
SYDNEY 2000 

P.O. BOX K39, HAYMARKET 
211-5077 211-5077 
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^ SPECIALS FOR JUNE ^ 


HITACHI CASSETTES - 

C 60 Low Noise 
C 90 Low Noise 
C120 Low Noise 

UDC 60 Ultra Dynamic 
UDC 90 Ultra Dynamic 
UDC120 Ultra Dynamic 


1 off 12 off 

$1.63 1.47 

$2.23 2.00 

$2.88 2.50 

$2.37 2.14 

$3.15 2.84 

$4.35 3 92 



Special limited supply __ 

8.30 SPEAKERS 8 ohms — $12.95 each 


12U50 

C12P 

C12PX 

C100 

C100X 

C8MX* 


8 ohms 
8 ohms 
8 ohms 
8 ohms 
8 ohms 


15 ohms 
15 ohms 
15 ohms 
15 ohms 
15 ohms 


$36.00 
$19.79 
$21.15 
$13.26 
$14.68 
$ 8.95 
$ 7.90 



or ring for a quote . .. 


Catalogue available at 50c. 


Please allow a sufficient amount to cover Freight. 

EDGE ELECTRIX 

34A Burwood Road, Burwood. Phone 747 2931. 



CD IGNITION COIL 


m 


C.S. COMPLETE DO- 
IT-YOURSELF KITS 
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ALL PRINTED CIRCUITS 
SINCE 1960 now available 
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NEW PRODUCTS 


Photo-etched panels for EA projects 


Arlunya pattern generator 



Arlunya Pty Ltd has released an ex¬ 
tremely versatile, portable, battery 
operated, solid state, test pattern generator 
specifically designed for carrying out 
dynamic and static convergence, grey scale 
tracking, and purity alignment in PAL 
colour receivers. 

Designated the Arlunya PG11, the new 
unit provides five basic patterns: 
crosshatch, staircase, white raster, and 
vertical bars. Its low cost, small size and 
rugged construction make it an ideal in¬ 
strument for service organisations involved 
in the installation of new receivers and 
general outside service work. 

The Arlunya PGll is fully designed and 
manufactured in Australia to meet the 
relevant CCIR standards and the 
specifications laid down by the Australian 
Broadcasting Control Board. For further 
information contact Arlunya Pty Ltd, PO 
Box 113, Balwyn, Victoria 3103. 



Pictured above is a selection of photo- 
etched front panels for several recent EA 
projects as sent to us for inspection by the 
manufacturer, Wardrope and Carroll 
Fabrications Pty Ltd, PO Box 330, 
Caringbah, NSW 2229. 

Included in the selection are panels for 
the 200MHz Digital Frequency Meter 


(December 1973), the Compact RC Bridge 
(March 1974), the Playmaster 140 
Quadraphonic Amplifier (December 1973 to 
March 1974), and the Dual 30/2 Variable 
Power Supply (March 1974). 

All panels are attractively finished, and 
should add a professional touch to any of the 
above listed projects. ® 




The Best Connections- 


RF Connectors, 
straight or right angle 


Belling & Lee have today’s 
widest range of RF Connectors- 
and they’re generally available 
from stock. Shielded or insulated 
plugs; conductors for soldering, 
crimping or solderless; straight 
or the new right angle model 
L2156. 

■ Special collet clamps for 
efficient braid connections 
and anchorage in cable 
mounting members. 

■ Impedance 60-70 ohms. 

■ Mating conforms to BS3041 
and IEC169-2. 


TECNICO ELECTRONICS 



Premier Street, Marrickville, NSW, 2204 Tel 55-0411 
2 High Street, Northcote, Vic. 3070 Tel 489-9322 
Adelaide 23-2222 • 267-2246 Brisbane 52-7255 
Perth 8-4137 M08786/1273 
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Books & 
Literature 


HiFi buyers guide 

HIFI YEAR BOOK, 1974. Edited by Colin 
Sproxton and published by IPC Elec¬ 
trical-Electronic Year Books Ltd, 
London. Hard covers, 512 pages 210 x 
i:i2mm, including many illustrations and 
advertisements. Price in Australia $4.80. 

Issued annually as a spin-off from the 
“Electrical and Electronic Trader,” this 
book would be a treasure trove of in¬ 
formation for high fidelity enthusiasts in the 
UK. It contains pictures, specifications and 
prices of most of the equipment on the UK 
market — and that adds up to a lot of equip¬ 
ment! 

The product directory takes up all but 
about 35 pages of the book and is divided 
into about 30 sub-sections, including 3 on 
record players and accessories, 2 on tuners, 
8 on tape systems and accessories, 3 on 
loudspeaker equipment, plus sundry others 
on amplifiers, complete systems, micro¬ 
phones, headphones, cabinet work, UK hifi 
dealers, and so on. 

In Australia, the value of the book would 
be limited, because prices would not apply 


LARGEST RANGE IN 
AUSTRALIA OF 
ELECTRONIC 
AND RADIO BOOKS 

Mail orders available, prompt attention. 
See below for this month's new 
publications. 


Audio Systems Handbook N. H. Crowhurst $4.25 
Pictorial Guide to Tape Recorder Repairs F. H. 
Belt $4.75 

Learn Electronics By Building Easy to Build 
Projects J. Schroeder $4.60 

Troubleshooting Solid-State Electronic Power 
Supplies Ben Gi iis $4.60 

BACK AGAIN 

Fundamentals of Solid State J. Rowe I Electronics 
Aust.l $2.00 

An Introduction to Digital Electronics J. Rowe 
(Electronics Aust.l $2.00 

Basic Electronics, 4th Edition J. Rowe (Elec¬ 
tronics Aust.l $2.00 

R.S.G.B. Publications VHF-UHF Manual By G. R. 
Jessop 

Radio Communication Handbook, 4th Edition 

$12.75 


Postage 35c Local 
Postage 65c Interstate 


Moguls 

AuthorisedNewsagency Pty. Ltd., 
187 Elizabeth Street, 
MELBOURNE, VIC. 3000 
Phone 60 1475 


and the range of equipment here is not 
identical with that in the UK. But, for all 
that, the book does find ready sale to those 
to whom it is a handy and up-to-date 
reference. 

As a bonus, there are four articles by well 
known writers: “Stereo FM Beyond The 
Fringe,” “Developments in Tuner/Am¬ 
plifiers,” “Bargains for Beginners,” 
“Whither Quadraphony?” Add to these a 
listing of current audio books, a list of ab¬ 
breviations and you have the 1974 edition of 
a hardy hifi annual. Our copy came from 
Technical Book and Magazine Co, 289-299 
Swanston St, Melbourne 3000. (W.N.W.) 


Listening manuals 

IIOW TO LISTEN TO THE WORLD, 8th 
edition, edited by J. Frost. Published by 
the World Radio Handbook Ltd, Den¬ 
mark. 

WORLD RADIO & TV HANDBOOK 1974, 
edited by J. Frost. Published by the World 
Radio and TV Handbook Ltd, Denmark. 
Further copies of these books, which were 
reviewed in the April issue, have been 
received from the Technical Book and 
Magazine Company Pty Ltd, of 289-299 
Swanston Street, Melbourne. This firm 
advises that they can supply the books at 
$4.95 plus 40c postage and $5.95 plus 65c 
postage, respectively. 


Electromagnetism 

ELECTRICITY AND MAGNETISM, 
second edition, by W. J. Duffin. Pub¬ 
lished by McGraw-Hill Book Company, 
London, 1973. Soft covers, 210 x 235mm, 
422pp, many circuits and diagrams. 
Price in Australia $9.40. 

An introductory text on electro¬ 
magnetism, written primarily for the 
junior-year physics and engineering student 
at university or college. It begins with 
elementary magnetism and electrostatics, 
and methodically progresses from these to 
conclude with Maxwell’s equations and 
electro-magnetic measurements and 
standards. The author is a lecturer at the 
University of Hull, UK. 

The scope of the contents may be judged 
from the chapter headings: 1 — Electric 
Charge and Current; 2— The Law of Force 
between Charges in Vacuo; 3 — Electric 
Field Strength and Potential; 4 — Further 


NOW AVAILABLE: The 2nd edition of 

DIGITAL ELECTRONICS 

Reprinted by public demand — 
ideal for students and hobbyists 

PRICE: $2.40 posted 


Electrostatic Methods and Problems; 5 — 
Capacitance and Electrical Energy; 6 — 
Steady Electric Currents; 7 — Magnetic 
Fields and Magnetic Dipoles; 8 — Forces 
between Steady Currents in Vacuo; 9 — 
Electromagnetic Induction, Inductance and 
Magnetic Energy; 10 — Varying Currents in 
Linear Networks; 11 — The Motion of 
Charged Particles in Electric and Magnetic 
Fields; 12 — Conduction; 13 — Dielectric 
Materials; 14 — Magnetic Materials; 15 — 
Maxwell’s Equations and Electromagnetic 
Waves; 16 — Electromagnetic Measure¬ 
ments, Standards and Units. 

The text of the book is written in very 
clear and concise language, and presents 
the subject material in a very logical 
fashion. It is well served by illustrations, 
and should therefore be found particularly 
suitable as a text for lecture courses or 
private study. The backfround assumed is 
basically that of high school physics and 
maths. The tuitional value is enhanced by 
problems given at the end of each chapter, 
answers for which are given at the end of 
the book together with a list of references 
and a topic index. There are also short 
commentaries on incidental topics 
distributed throughout the text, another 
worthwhile feature. 

In short, a very worthy volume. 

The review copy came from the local 
office of the publisher, who advises that 
copies should be available from all major 
and technical bookstores. (J.R.) 

Buyers' guide 

THE WHAT, WHERE, WHO HASSLES & 
HOW MUCH BOOK, by Roger and Valrie 
Harrison. Published by Amateur 

Sydney, 1974. Soft covers, 21 x 30 cm, 
56pp. Price in Australia $1.50 plus 25c 
post and packing. 

A locally produced buyers’ guide, aimed 
at providing most of the information that 
radio amateurs and other electronics en¬ 
thusiasts may need concerning the sup¬ 
pliers of electronic parts and associated 
materials. It is from the same stable as the 
monthly VHF radio amateur publication “6- 
UP”, and is printed in the same format. 

Considering its modest size, the contents 
are surprisingly comprehensive. And 
although the self-conscious “alternative 
culture” style evident in 6-UP is still 
detectable, the WWWH&H Book is very 
much an objective, practical and consumer 
orientated publication. It should be of value 
to anyone in electronics, whether amateur 
or professional, “alternative culture” or 
conservative. 

In short, well worth having in these days 
of component shortages. 

The review copy came from the publisher 
at 47 Ballast Road, Birchgrove, NSW 2041, 
from whom readers may order copies. 
(J.R.) 

Motor control 

POWER ELECTRONICS: Thyristor 
controlled power for electric motors, by 
R. S. Ramshaw. Published by Chapman 
and Hall Ltd, London, 1973. Hard covers, 
160 x 240mm, 213pp, many circuits and 
diagrams. Price in Australia $13.50. 

A fairly specialised book, as its title 
implies, written mainly for senior under¬ 
graduate students, graduates and practis¬ 
ing engineers wishing to update their 
knowledge in this area. The author is 
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NEW BOOKS 

JUST A FEW OF THE THOUSANDS 
ALWAYS IN STOCK. CALL IN OR WRITE 
GIVING YOUR REQUIREMENTS. All books 
reviewed in "Electronics" can be ordered 
from us. 

1974 ANNUALS!! 

A.R.R.L. RADIO AMATEURS' HANDBOOK 
1974 $6.95 

WORLD RADIO TV HANDBOOK 1974 (Com¬ 
plete guide to World’s Shortwave Stations): 

$5.95 


A.R.R.L. ANTENNA BOOK $4.35 

A.R.R.L. FM AND REPEATERS FOR THE RADIO 
AMATEUR $4.60 

A.R.R.L. RADIO AMATEUR'S V.H.F. 

MANUAL $4.35 

COLOUR TV SERVICING -Gordon King $14.85 
COLOUR TV THEORY-Hutson $10.80 

ELECTRICAL ENGINEERS REFERENCE BOOK. 

New 13th Edition -JUSTRECEIVED!! $34.75 
FAIRCHILD TTL APPLICATIONS HAND¬ 
BOOK: $5.00 

HOW TO LISTEN TO THE WORLD New 8th 
Edn $4.95 

JAPANESE RADIO, RECORD Et TAPE PLAYER 
SCHEMATIC/SERVICING MANUAL $6.45 
MAKING TRANSISTOR RADIOS - A Begin¬ 
ner's Guide $3.50 

PAL RECEIVER SERVICING by D. J. Seal - A 
new book! Profusely illustrated in colour, 
highly recommended I $ 11.90 

PIN POINT TRANSISTOR TROUBLES 

IN TWELVE MINUTES $7.36 

RADIO Et ELECTRONIC LABORATORY HAND¬ 
BOOK SCROOGIE. New 8th Edition $15.00 
RADIO DATA REFERENCE BOOK 3rd Edn. by 
Jessop (RSGB) $3.60 

RADIO HANDBOOK New 19th Edn $14.95 
RADIO VALVE AND TRANSISTOR DATA 9 / e 
-of 3000 Valves and 4500 Transistors, Diodes, 
Rectifiers and Integrated Circuits $2.65 

RCA - LINEAR INTEGRATED CIRCUITS Et 
MOS DEVICES $3.00 

RCA - POWER TRANSISTORS AND POWER 
HYBRID CIRCUITS $3.50 

RCA - COS/MOS INTEGRATED CIRCUITS 
MANUAL $3.50 

RCA -LINEAR INTEGRATED CIRCUITS $3.50 
RCA-RECEIVING TUBE MANUAL $3.50 
RCA - SOLID-STATE POWER CIRCUITS 
DESIGNER'S HANDBOOK $8.50 

THE MAGIC SPARK -50 YEARS OF RADIO IN 
AUSTRALIA $595 

TRANSISTOR EQUIVALENTS - European, 
American and Japanese: 9,000 types and 5600 
substitutes;8th Edn -JUST RECEIVED!!! 

$4.95 

MAIL ORDERS BY RETURN . . . PLEASE 
ADD 70c per parcel postage (Vic). $1.00 per 
parcel interstate. 

TECHNICAL BOOK & MAGAZINE CO. 

295-299 Swanston St. 

Ph. 663 3951 MELBOURNE 3000. Ph. 663 2849 


Associate Professor in Electrical Engineer¬ 
ing at the University of Waterloo, Ontario, 
Canada. 

The scope of the book is shown fairly 
clearly by the chapter headings: 1 — Power 
Electronics and Rotating Electric Drives; 2 
— The Thyristor; 3 — Induction Motor 
Control; 4 — Direct Current Motor Control; 
5 — Synchronous Motor Control. The book 
ends with design appendices dealing with 
control circuitry logic, and an index. 

The text is written in concise language 
and is well served by illustrations. It should 
be found very suitable as a text for either 
formal or self tuition, and is in every way a 
worthy addition to the Chapman and Hall 
“Modern Electrical Studies” series. 

The review copy came from the local 
agents for Chapman and Hall, Hicks Smith 
and Sons Pty Ltd, who advise that copies 
should be available from all major book¬ 
stores (J.R.) ® 


LAFAYETTE "guardian 6600” 6-band 

Beacon —Broadcast —Marine —FM —Aircraft — VHF- 
Portable Radio with Radio Direction Finder 



Signal Strength, 
Tuning / Battery Meter 


$179.50! 


Rotatable Antenna for Beacon, 
Broadcast, Marine Band Recep¬ 
tion & Direction Finding. 


6 BANDS 

(1) 160-390KHz Beacon (2) 550-1600 
KHz Broadcast (3) 1.6-4.6MHz Marine 
(4) 88-108MHz FM (5) 108-136MHz 
Aircraft (6) 147-174MHz FM._ 


OPERATES FROM INBUILT BATTERIES OR 220-240 VOLTS 50 Hz. 

The "Guardian 6600" is the latest de-luxe version of Lafayette's most advanced 
Portable Battery / Electric Radio for top reception plus Direction Finding. 20 
Transistors, 17 Diodes and 2 Thermistors. Telescopic whip antenna for VHF plus 
external antenna jack. Squelch control. Supplied complete with comprehensive 
Operating Manual. 


SOLID STATE COMMUNICATIONS RECEIVER 


GENERAL 

COVERAGE 

HA-600A 


$199.50 




5 BAN DS !5S Sfli 550 , 60 ° KHZ (Broadcas ’ Band) ' 1648 MHz - 4 ' 8146 * 

OPERATES FROM 12 VOLTS DC (negative ground) OR 220-240 VOLTS 50 Hz 


• Voltage Regulated with Zener Diodes. 

• Product Detector for SSB / CW. 


• Edge illuminated Slide Rule Dial with "S" 

• Continuous Electrical Bandspread Calibrated 80 


LAFAYETTE 


ELECTRONICS 


hi of Electron Tube Distributors Pty. 


Ltd. 

All mail enquiries and orders to: 

VICTORIAN SALES CENTRE 
AND HEAD OFFICE, 

94 HIGH STREET, ST. KILDA, 

VIC., 3182. Phone 94 6036 


RADIO HOUSE PTY. LTD., 306 Pitt Street and 760 George 
Street Sydney, N SW. 

TISC0 AGENCIES, Overend and Hampton Streets, 
Woolloongabba Q'land. 

WILLIS TRADING C0., 445 Murray Street. Perth. WA 
L A. HEYWARD, 6 Herbert St.. Launceston. Tas. 


TRADE REPRESENTATIVES 


ELECTRONICS Australia, June, 1974 


113 


























ELECTRONICS Australia, 

















































AMATEUR BANDS 


- \ 

TIME CLOCKS 

VENNER & HORSTMANN BRAND 
USED TESTED & GUARANTEED 
WITH SPRING RESERVE! 

SCOOP 



VENNER HORSTMANN 


240V 50Hz 15 or 20 AMP CON¬ 
TACTS 

THESE AS NEW UNITS HAVE 1001 
USES $12 each. 

Postage: NSW 85c, VIC 85c, OLD 
85c, SA $1.05, WA $1.50. 

CLOCK DISPOSAL CO. 

P.O. BOX 147 
LINDFIELD, NSW 2070 

v___y 


to Australian and 
the WIA, federal 
CA. PO Box 7A, ( 
follows: 

any Austra 


Australian Awards 
s, sponsored by the WIA. are available 
i amateurs. Full details from 
nanager, Brian Austin, VK5- 
SA 5152. Brief details are as 

• Club Award " - available to 
ho confirms contact with 100 
-ies on the high frequency 


VK1-VK8 on either 52MHz or 144MHz band 
“Worked all VK Call Areas Award" - available to 

required number of Australian stations in the call 

“Worked all VK Call' Areas TvilK) Award" - 
available to any amateur who confirms contact with 
the required number of Australian stations in the call 


Kirill Day 


Comments by partici 




the WIA. ir 


pants in the 1974 "John Moyle 
ini r icid Day Contest" sponsored by 
• that it was an enjoyable and friendly 
avu.es showed a high degree of activity, 
both in the 6 hour and 24 hour sections. Below are the 
highest scorers in each section from each call area. 

24 hour division Transmitting phone: VK3AUQ 
1162; VK41E 2375. Transmitting CW: VK3ANU 1154 
Transmitting open: VK2RJ 1686. 

24 hour — Multiple operator, transmitting open: 
VK1ACA 6288. 12 operators; VK2WG 2334, 9 operators; 
VK3APC 5742, 13 operators; VK4WIT 2731 19 

operators; VK8DA 2619. 8 operators. 

24 hour — Multiple operator, transmitting phone: 
VK.3ANR 703, 2 operators; VK5I.W 1989, 9 operators; 


VK9XI 625, 3 operators. Transmittini 
VK2YAV626: VK3AVJ619; VK6ZIW 126. 

24 hour — Transmitting ' 

VK3AYL 975; VK5ZT 8! 

Cunningham 850. 


VHF: 



OKI dry reed inserts are one of the 
simplest and most economical 
switching devices available. Contacts 
of either gold diffused or rhodium 
material are hermetically sealed in a 
glass tube to provide reliable high 
speed operation. 

Long life and freedom from corrosion 
are prime characteristics of the OKI 
range. Operation is activated by the 
presence of a magnetic field 
generated by either a coil or 
permanent magnet. The combination 
of a coil and reed insert forms a 
relay of the highest professional 
standard. 

OKI reed inserts are unaffected by 
operation in grossly unfavourable 
environments and use in alarms, 
control systems and fail-safe devices 
of every kind is common. Typical 
applications include control and 
indication monitoring of position, 
liquid level, pressure, flow etc. Their 
high operating speed of typically 
0.5 mS makes them also suitable 
for tachometer applications. 

A standardised range is available ex¬ 
stock. Comprehensive literature is 
available on request to the Profes¬ 
sional Components Division. 




PLESSEY 
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fcrm,to AUSTRALIA’S BI6GEST RANGE OF MAIL ORDER BARGAINS = " 7 t 

on all goods MAIL ORDERS: DIRECT DISPOSALS36 HELEN ST., VALLEY.BRISBANE4006 completely satislied. 



PARCEL- 

POST 

RATES 


/6 PACe CAr/U.<X(/£ 
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MODEL RH-20 $20.00 Packing & Postage 
$1.00. 


m 


20,000 Ohms per Volt DC. 

10,000 Ohms per Volt AC. 
Specifications: 

DC Volts: 0.25, 2.5, 10, 50, 250, 1000. 
AC Volts: 10, 50, 250, 500, 1000. 

DC Current, 50uA, 25mA, 250mA. 
Resistance: 7K, 700K, 7M. 

Decibels: -10, +22 (at AC/ 10V) +20, - 
AC / 50V). Upper frequency limit 7KHZ. 
Batteries: Two 1.5V dry cells. 

Complete with test leads 


MODEL RH-80 $22.00 Packing Et Postage 
$1.00 

„ 20,000 Ohms per volt DC. 

10,000 Ohms per volt AC. 

Specifications: 

DC Volts: 0.5,2 5, 10, 50, 250,500,1000. 

AC Volts: 10, 50, 250, 500, 1000. 

DC Current: 50uA, 5mA, 50mA, 500mA. 
Resistance: 5K, 50K, 500K, 5M. 

Decibels: -10dB + 62dB. 

Accuracy: DC 3pc. 

AC 4 per cent (of full scale). 

Batteries: Two 1.5V dry cells, size AA, "Evereadv" 
915. 


NEW RH (Radio House) 
RANGE OF MULTIMETERS 


MODEL RH-60 



$29.00 Packing & 
Postage $1.00 

50,000 Ohms per Volt DC. 
10,000 Ohms per Volt AC. 
Specifications: 

DC Volts: 0.25, 2.5, 10, 50, 
250, 500, 1000. 

AC Volts: 10, 50, 250, 500, 
1000. 

DC Current: 25uA, 5mA, 
50mA, 500mA 
Resistance: 10K, 100K, 1M, 
10M. 

Decibels: —10 +62dB. 
Accuracy: DC ±3 p.c., AC 
+ 4 p.c. (of full scale). 
Batteries: Two 1.5V dry cells. 
Overload protected. 


NEW MODEL NA - 100 CASSETTE 
CONVERTER 

PRICE: $35.00 Pack £r Post 


This model 
the excellence of 
a cassette through 




4-SPEED RECORD UNIT 


"Ambassador" 4 speed 16, 33, 45 & 78 rpm stereo phono 
unit, complete with Ronette pickup. Stereo ceramic 
cartridge and stylus for LP and 78 records. 

Packed ready to mount with screws and template for 
installation. 

Instructions for connecting to amplifier or radiogram. 
240V AC mains operated. 

Posted NSW $16.50. Posted Interstate $17.00. 

Reduced from $25.00. Special Offer. 

Order now, limited stocks. 


"HANDYMAN" RH150 $14.75 


CHECKED PACKED & POSTED 
$15.50 

Pocket-size 3'A" x 4 'A" x 1 'A". 

Instruction sheet and circuit. 
SPECIFICATIONS: 

DC Volts: 2.5, 10, 50, 250, 1000. 
10,000 ohms per volt 
.AC Volts: 10, 50, 250, 500, 1000. 
DC Current: .1, 25, 250mA. 
Resistance: 20K and 2M. 

Decibels: -20dB, +62dB, 0.7KHz. 
Capacitance: .0001, 01, .0025, 

25uF 



WORLD RANGE SOLID STATE DELUXE 
RADIO/ MODEL /ACE TRS/35/ 


19 TRANSISTORS - 
Diodes - 500 MW out| 
SIZE 11" x 13" x 5". 


On-Off push Switch 
Volume Control 

Squelch° (Control 
Band selector knob 

_ Telescopic antenna 

10. Dial light 

11. AC / DC selector 

12. Extension Antenna 
Jack 

13. Earphone Jack 


This i 

for SL r - _ 

Marine Band (MB) In_______._ 

Modulation (FM) Public Service Band LOW (PB), AIRCRAFT (VHF1) 
HighPi^blicService Band (VHF2) and Weather Band (WB). 

excitement. This radio is also equipped for house electricity (240 AC) as 
well as by batteries (4 "D” cells). 

PRICE:- $135.00 pack & post $1.50. 



transistor portable designed 


RADIO HOUSE PTY. LTD. 


306-308 PITT STREET 61-3832 26-2817 


760 GEORGE STREET SYDNEY. 211-0171 
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INFORMATION CENTRE 


where*[ Muld dotMs? Iam onl^™ te^nneVa^latfng 1 
and I would appreciate your help very much. (J.F.B.) 
®The article “Plating At Home” in the August 1965 


&^hi!s3assxtisxss. 











sir 


. . 

SHSHHSr" 

ESS™ 

® Printed boards are the same as any other com¬ 
ponents, A.V. - you get them at your normal parts 

SS?5S " 


asssarssu; ssss.’sjf^ysss 

!S£S Ea? sSSir sg 
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LYONS 

TYPE DIO 

DISTORTION 

METER 



The DIO Distortion Meter is a compact, lightweight instrument for the 
measurement of total harmonic distortion at levels down to 0.1% or less 
in the frequency range 10Hz to 100kHz. The instrument has an input 
impedance of 10k ft and will accept input levels from 200mV to 5 volts 
rms. The D10 is an economical, simple to use, instrument for day to day 
production test, development and quality test applications. 

The determination of harmonic content is simply accomplished by obtain¬ 
ing a null balance of the fundamental component and displaying the 
average level of the residual harmonic content as a percentage of the 
mean input level. 

Together with the companion type SQ10 low distortion Sine / Square 
Oscillator, the D10 makes a highly economical and effective audio 
frequency distortion measuring set. 

FURTHER DETAILS CONTACT: 

DIGITAL ELECTRONICS PTY. LTD. 

4/29 HOTHAM PARADE, ARTARMON 
PHONE: SYDNEY 43 6668 MELB. 20 7839 


BONDED 

ACETATE 

FIBRES 

FOR PACKING IN 

SPEAKER ENCLOSURES 



For 1 $q. yd. as above send $2.00 
For 2 sq. yds. as above send $3.75 
For 4 sq. yds. as above send $6.50 


WONDER WOOL 


JAMES STREET, LEICHHARDT, 
NSW 2040. 

Box 548 — GPO, Sydney 2001. 
Phone: 56 2780. 


GAS ELECTRIC TRANSDUCER 

Carbon Monoxide L.P.G. and 
other kinds of combustible 

GAS DETECTION 

Low Voltage 



TGS 202 $3.56 incl Post & Packing 

TGS 308 Data sheets available 


MODE ELECTRONICS Co. 
P.O. BOX 365 MASCOT 2020, NSW 
PHONE 666 6324 
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RITEBUY 
TRADING CO. 

69 71 ARDEN STREET, 
NORTH MELBOURNE 3051. 


CB NOVICE BAND AN¬ 
TENNAE. BUY DIRECT FROM 
MANUFACTURER. SPECIAL 
INTRODUCTORY OFFER 


Helical Whips 

$14.75 

incl. 

sales 

tax 

Shipping 

Weight 



$8.75 

incl. 


tax 


Shipping 

Weight 


11b. 








Log Periodic Antenna 


Equal to 3 element beam over 
140mhz to 450mhz Horizontal Pol 
50ohm. 

MODEL LP4 $46.85 incl. S/Tax. SHIPPING 
WEIGHT 7LB. 


VARIABLE POWER SUPPLIES 

BY SCIENTIFIC ELECTRONICS 



• Single and Dual Outputs 

• Output Voltages to 60 Volts 

• Output Current to 4 Amps 

• Excellent Line and Load Regulation 

• 0° to 60° C Operating Temperature 

• Ten Turn Controls 

• Constant Voltage / Current Limit 

• Constant Voltage / Constant Current 


DISTRIBUTED BY ELECTRO TECHNICS P/L 

36 Park Street, South Melbourne Vic. 3205. 

Phone 699-2716; Sydney 25-3955; Brisbane 47-4311. 
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NATIONAL RADIO SUPPLY 

332 PARRAMATTA RD, STANMORE, NSW 2040. PH. 56-7398. 

PHOTO SENSITIVE CELL OPR 
Type. 

Ideal alarms and light sensitive devices. 
Usually $1.40 Now 40c or $1 for 3. 

T.V. SPARE PARTS 
SPECIAL 

Vertical output TX (Telecomponents) 
4402 Astor 70 T115 

4404 Admiral 90 79B43-4 

4408 Ekco 90 SA5504 

4418 Astor 90 T209 

4419 Astor 90 T178 

4421 Bush / S. 90 AL022 

4422 Ekco 110 SA15032 

4423 Bush / S. 110 AL045 

4425 Astor 110 T207 

4429 STC 70 RS54349 7 A 

4432 Atlas 70 

4435 Astor 

4439 Philips 70 

4442 Astor 70 Universal 

All $4.50 + Postage. 

IMPORTED PLAYERS WITH 
CERAMIC CARTRIDGE 

TURNTABLE STEREO 

3-Speed ceramic pickup 240V 
(Base not supplied) $7.90. 

VALVE SPECIAL 

807 5 for $3.00 

6U7 5 for $3.00 

IT4 5 for $1.00 

NEW GARRARD PLAYER 
SPRZZ 

3-Speed with Ceramic Cartridge 
$14.80. 

TV PARTS SPECIAL: 

EHT Transf. (Telecomponents) 

4702 Astor 90 T 187-180-181 

4718 Ekco 90 

4719 Ekco 70 

4722 Pope 90 14" 

4725 Bush /Simp. 110 

4734 Atlas 70 

4735 Ekco 9" Portable 

4737 STC 70 

4738 STC 90 

4740 Admiral 90 

4743 Pope 90 

4745 Atlas 70 

4754 Astor 70, T116 

Any one at $6.00 + Post. 

POLISHED WOOD BOXES 

SUITABLE EXTERIOR SPEAKER 50c. 

CONDENSER PACK 

100 mixed for $1.50. 

METER LEADS, 

Pin Type 2 Plugs 2 Probes 40c. 

STEPDOWN TRANSFORMER 

240V to 6.3V 3A 
$2.50 + Post. 

SCOPE IRON 

AR TRANSFORMER 
$6.50. 

T.V. TUNERS EXCHANGE 

$7.50 + Post. 

Send Yours First. 

MIXED CONTROL KNOBS 

20 Knobs $1.50, as supplied. 

RESISTOR PACK 

100 mixed for $1.50. 

SPEAKER TRANSF. 

5K - 15 ohms E-TYPE $1.20. 

METERS 

20,000 ohms P/V Tested $10.00. 

20 MIXED ELECTROS 

(pigtails) 

$4.00 + Post. 

POWER TRANSF. 

240V to 285 CT 

6.3V/3A 5V/2A 
$4.00 + Post. 

240V 385 CT 6.3V 2A 6.3V 2A 5V 2A 
$4.00 + Post. 

3" TWEETERS 

2 for $3.00. 

VALVES 

6AL5 $1.60 

6AN7 1.00 

6GW8 1.40 

6BM8 1.40 

6HG8 1.35 

6J6 1.00 

12AT7 1.00 

VALVES 

13D2 25Z6 6SS7 

EC86 IC7 879 

25Z5 IM5 7F7 

50c ea. 

MAINS TRANSF. 

240V to 385V CT 

6.3V - 100MA. 

$4.00 + Postage. 

PERSPEX COVERS FOR STEREO 

From $3.50. 

TAPE CASSETTE MAINS 
TRANSF. 

240V to 6.3V CT 200mA. 

$3.00. 

SIZE 4 x 3.5cm. 

SPEAKER SPECIAL 

7x5 3 ohms $2.80 

5x3 15 ohms 2.65 

6" round 3 ohms Hi-flux 2.70 

6WR 15 ohms 9.50 

3TC 15 ohms 3.70 

6" x 9" 3 ohms 2.50 

6x9 Tesla (high quality) 8 ohms 4.75 

POLY PACKAGE: 

50 Condens. $3.50. 

PHILIPS MINIWATT VALVE & 
PICTURE TUBE HANDBOOK 

Now only $1.50. 

12 MIXED POTENTIO¬ 
METERS or 12 OAK 
SWITCHES 

$1.80. 

FUSES MIXED 

30 Fuses for $2.50. 

VALVES 

6H6 6C8 

ID8 78 

7A6 IJ6 

7C7 6K7 

UYI/10 6SA7 

50c. 

TRANSFORMER 

240 to 5V3A $2.50. 

T.V. UNIVERSAL FINE 
TUNING KNOB 

(Most sets) 20c. 

5BPI CRO TUBE - 

$2.10. 
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Marketplace 


FOR SALE 


j: 


To 

tSSsS- 




■K5gffBa-s.-M ;■ 

BRAND NEW TRANSFORMERS. 14 volt 3 amps, 


SERVICE 

CONVOY INTERNATIONAL OFFERS 
SERVICE ON ALL HI-FI EQUIPMENT 
AT SYDNEY'S LOWEST PRICES 
FREE PARKING 

Special tape recorder adjustment, our 
technicians can adjust your tape recorder so 
that it gives super performance on the brand of 
tape you use You will be amazed at the im- 
-. parfofmjnce f or * uc h a small 


£20X59 


CNR. PLUNKETT Er MACLEAN STS, 
WOOLLOOMOOLOO - 367 2444 OPEN 
THURS NIGHTS b SATURDAY. 



Do not start to build yourself an 
organ without first finding out about 
the superb SCHOBER (USA) 
assemble-it yourself kits. Inquiries to 
Schober Organs (Aust), 124 Living¬ 
stone Ave., Pymble, NSW, 2073. 
(Mail only please.) 


ISiErSESSS 1 

DISPLAY ADVERTS IN MARKET¬ 
PLACE are sold by the centimetre 
from a minimum of 3 cms. to a 
maximum of 12 cms. Rate $6.00 per 

CLASSIFIED RATES $1.25 per line 
per insertion payable in advance. 
Mimimum two lines. A convenient 
form is provided in each issue. 
CLOSING DATE is six weeks prior to 
the on-sale date. Issues are on-sale 
the first Monday of each month. 
ADDRESS all classified orders, copy, 
enquiries, etc. to: The Advertising 
Manager. ELECTRONICS Australia, 
Box 162. Beaconsfield, 2014. 

VIDEO TAPES 12 half inche tapes $15 each - 10 one 

ecm 

COMPONENTS 
at competitive prices 

E.C.M. Industries 

BOX 309, HAWTHORN, VIC. 3122 


LANTHUR ELECTRONICS 

69 Buchanan Ave, North Balwyn Vic 3104 

P.O. Box 162 Phone 85 4061 

Includes postage 5 °° W£m ra * m9 ' $6.95 

STEREO HEADPHONES 

C^WCord Erplug.^Padded earpieces. Freq. rasp. 

MOTOR SPEED CONTROLLERS 

BASIC LAMP DIMMER KIT 


§pfT”“ as 

PLASTIC CABINETS 

SSE "ZZSJs nZ 

Includes postage $1.35 


Plus cert. post. Vic 0.75 

Other 1.15 

AMPLIFIER MODULE KIT 

Output 3.5 watts for 20v dc input. Consists of 


pS’SH«»™ 

SIUCON^CONTROLLED RECTIFIERS 
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NOTES AND ERRATA 



^sasa 


3355 


DISTORTION from P71 




MORE OUTSTANDING 
TECHNICAL ARTICLES 



RADIO TECHNICIAN 


FOR INSTALLATION AND 





Crown Agents, 

54 Carrington 
Street, Sydney, 2000. 


126 


ELECTRONICS Australia, June, 1974 









































and mp ler^ $ i 15 0 q 

ONLY $67S 

fl"-- 

MINIATURE TOGGLE 
SWITCHES 

0L ■» 

CIRCULAR SLIDE RULE 

s3£5S r “" 

NIFE CELLS 

P & P 30c. 

VALVES 

BRAND NEW 

wmm 

P.M.G. TYPE TELEPHONES 

BC221 

5Y3 iU *M* t,R65 * 50° 

P & P A^B SI 60. 

C $1.25, D.S2.75. 


$35.00 

HANDY SIGNAL INJECTOR 

P & P 30c. 

EX ABC RECORDING 
TAPES TOP BRANDS 

<2 TELEPHONE SETS) 

B3MNHK 

SS2 £S = 

PYREX MIRROR 

$3.95 

P8.PA.60c, B.85c, C.S1, D $1.10. 

nearest 3 attended raMway'sfat^on' 6 3 ' 


p.unper T*t l Tv' D LMA Sul, 

TUNING UNITS 

P M °45c pVp 2(te W ' TCHES 

X T BA ND with klystro^ 

trams. p , P 20 , 

20° MA 24yol. 5 o» p n & pu p snm™,. 


TELESCOPES 

ZOOM FOCUSING 

25 x 30 $19.95 10 . 40 $28 95 

-^'cV ERS ^ $25*00 

ZOOM FOCUSING 

P & P A. $1.45. B. 51.60, C. $1.75, D. $1 



MINIATURE 

* n J J 

£1 Ifii 

C SI 75, D 11.85 $25.95 

r i .o 3 l vo"*Dc “?el??o S r model 

teleZopes " 

t — 

^SSSSn 

JRSlVatt. 

$29.50 

m 

'§pPs|g 

AIRCRAFT CLOCKS 

mmF 

’tfiHb- 


RECORDING TAPES 

,p 

$13.95 

^ SELSYN MOTORS MA*GSL1 P 

1 ll 



HhsIsMI 

SMAI p A C neT s PUTE * 

„ . ^oculars 

C60 99c ^o S $ E ; T 7 E 5% ES $1,5 

p & p 20c. 

Idea”' tor 0 ' i^pe^dent™’ background 

|--- 0 ^75c _PAP30C. 

new Complete w“ “sV “""h 

sx^w^A^ir ss 

Crystal Earphone 75c PAP 20c 

pajbie* ai nea^ttended raiX 

ELECTRONIC FREQUENCY 
COUNTER 

lit II 

P ‘c P ti.7S; 4 D.Sl-.«*5.'‘°' 

POCKET MULTIMETER 

Imne^Sfen^^.rmv 

Austronic type DFC 4 240V 50 cycle£ 

SpSESiSSS. 

Don 8 perfect conditiSTsM pe? Srum 
destfnation.' 0 r3 '' ' reiSh ' Payab '* 3 ' 

IMPELLER PUMPS 


3000 TYPE RELAYS 

SMALL DYNAMIC 


Lift, su;tage tor eImost^an^type ot 



w. 

TOGGLE SWITCHES 

to r c an each eW or 3 ,S7o P r 11° V °" SP ST 

*65.00 

^U 0 ^r^ 0 Elec,ron,c 

SYER 77 Mk. 1 

S 3 B Ck C^r«^r e a C c°^s45 

HALF INCH^RECORDING 

iTk C /c C S L6S $30.00 

«.M 0r 

6 p A PA. Wc, B. 85c, C. $1, D. *1.10. 


£«£««■ •“* perreeL 

$35.00° ' 50M “ 

i.^r^^cn. 

TRANSPONDER APX6 

UNI SELECTORS 

P 2 i b pT^^ s rc $ 1, ea o ch „,o. 

?0°3V O Tes?e°d Ub ' e Be3m 0iCi " OSCOPe 
.035 Tested $15() 

Deitch Bros. 


4 DIGIT RELAY COUNTERS 

70 OXFORD STRE 

ET SYDNEY 201Q 


M yol.DC.su,. slot car. Lap counters, 

$1.25each P4P30C. 
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Index to Advertisers 


Reader Information Service 

Here is a convenient and easy way for you to get additional in ; 
formation about products or services advertised in this issue. Just 
fill out the coupon stating the information you require. 


Post to: Reader Information Service, 



ELECTRONICS AUSTRALIA, 



Box 162, Beaconsfield 2014 



Advertiser 

Page 


Product 



Your Name 



Address 




Postcode 


Position & Company 

.EA 6 



SUBSCRIPTION SERVICE 






Aust Musical Industries Pty'Ltd 
Aust School of Electronics 

Basic Electronics 








Stott's Tech Correspondence College 55 

Tandy Electronics 

Technical Book 8. Magazine Co Pty Ltd 
Tecnico Electronics Pty Ltd 
Tektronics Pty Ltd 
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People who play 
the waiting game 
have just won. 


If you’ve been patiently waiting for 
something special in audio equipment, 
congratulations. 

Because you can now choose from TEAC’s 
newly introduced triple-header. 

First, a 4-channel deck with 2-channel 
automatic reverse playback. 

Second, a unique 4-channel Dolby* Noise 
Reduction Unit. 

Finally, a stereo cassette deck that equally 
competes with reel-to-reel decks selling for 
much more. 

TEAC’s A-2340R lets you record as well as 
listen to the new, surrounding sounds of 
4-channel. And you also have the convenience of 
enjoying both sides of 2-channel tapes without 


having to change over half-way through. 

The perfect partner for this deck is our 
4-channel Dolby unit. The AN-300. It eliminates 
tape noise and hiss that can interfere with the 
music. 

Legally we can’t call our A-450 cassette 
a reel-to-reel deck. But listen once and you’d find 
it hard to tell the difference. 

We’ve perfected it to the point of keeping 
wow and flutter below 0.07%. No, that’s not a 
misprint. We did say 0.07%. 

And as if that wasn’t enough, it even has a 
built-in Dolby System. 

Those are the three sound reasons why 
you’ve just won the waiting game. 

See, sometimes it really pays to wait after all. 


TEAC. 

The sound of perfection 








Why thoughtful 
people are smoking 

Hallmark 


HALLMARK 


DUAL FILTER 


20 KING SIZE CIGARETTES 

WARNING-SMOKING IS A HEALTH HAZARD 


Hallmark aren’t like 
conventional cigarettes. 

It’s the filter system 
that makes them different. 
There are two filters; 
one for smoothness, 
the other for mildness. 

So the smoke is 
more refined. But the 
good tobacco flavour 
still comes through. 

Give some thought to 
Hallmark. They’re worth 
thinking about. 


Hallmark Dual Filter 
Wnlh thinking about 


WH1015 E.fi 







